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ABSTRACT 

This  report is  concerned w i t h  t h e  d i g i t a l  da t a  processing technique 

of t h e  Stanford Universi ty/Stanford Research I n s t i t u t e  VLF r a d i o  

no i se  and propagat ion experiment (A-17) aboard t h e  OGO-I s a t e l l i t e .  

Descr ip t ions ,  ope ra t iona l  procedures,  and d e t a i l s  of t h e  instrument  

and s a t e l l i t e  a r e  given a s  requi red  f o r  understanding of the da ta  pro- 

ces s ing  system. The NASA/GSFC (Goddard Space F l i g h t  Center) da t a  

a c q u i s i t i o n ,  decommutation, and processing systems a r e  b r i e f l y  descr ibed.  

The input ,  output ,  and ope ra t ion  of t h e  four-phase SRI data-processing 

system a r e  presented  i n  d e t a i l .  The computer d i s p l a y  system and 16-mm 

c ine  f i l m  p r e s e n t a t i o n  a r e  a l s o  descr ibed ,  and examples a r e  shown. 

5 8 
On more than  2 x 10 frames of f i l m ,  2 x 1 0  experimental  d i g i t a l  

da t a  b i t s  of information covering 99 s a t e l l i t e  r evo lu t ions  have been 

p l o t t e d  and s to red .  Th i s  accumulation of da ta  r ep resen t s  more than  10 

b i t s  of information p e r  frame and was computer processed a t  approximately 

t h r e e  frames p e r  second. Th i s  c i n e  f i l m  technique provides  c a p a b i l i t y  

f o r :  

5 

(1) S i g n i f i c a n t  da t a  compacting 

(2) Quick scanning of da t a  

(3) Discr imina t ion  between s i g n a l s  and i n t e r f e r e n c e  

(4) Recognition of unique da ta  c h a r a c t e r i s t i c s  

(5) Simultaneous d a t a  comparison. 

The a p p l i c a t i o n  of t h i s  technique i s  considered t h e  f i n a l  phase of t h e  

da t a  processing and t h e  i n i t i a l  phase of t h e  da t a  a n a l y s i s .  
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1. INTRODUCTION 

The f i r s t  Orb i t ing  Geophysical Observatory (OGO-I) launched i n  

September 1964 is one of a series of l a r g e  s a t e l l i t e s  t o  c a r r y  a v a r i e t y  

of s c i e n t i f i c  experiments f o r  making simultaneous observa t ions  of geo- 

phys ica l  phenomena i n  t h e  ionosphere and magnetosphere. The primary 

o b j e c t i v e  of t h e  OGO series is  t o  o b t a i n  a b e t t e r  understanding of t h e  

ear th-sun geophysical  r e l a t i o n s h i p s  and t h e  e a r t h ' s  atmosphere. On 

OGO-I twenty d i v e r s i f i e d  experiments were c a r r i e d ,  t o  observe cosmic 

rays ,  y rays,  X rays ,  plasma c o n s t i t u e n t s ,  trapped r a d i a t i o n ,  r a d i o  

propagat ion and no i se ,  t h e  e a r t h ' s  magnetic f i e l d ,  i n t e r p l a n e t a r y  d u s t  

p a r t i c l e s ,  Lyman-cy s c a t t e r i n g ,  and t h e  gegenschein.'* Th i s  report 

desc r ibes  t h e  SRI process ing  of t h e  Wideband ( d i g i t a l )  da t a  gathered 

aboard OGO-I by t h e  j o i n t  Stanford Universi ty/Stanford Research I n s t i t u t e  

(SU/SRI) VLF Experiment A-17 f o r  s tudy  of r a d i o  n o i s e  and propagat ion.  

The r e s u l t s  of t h e  da t a  a n a l y s i s  w i l l  be repor ted  s e p a r a t e l y  i n  sub- 

sequent papers  and r e p o r t s .  The Special-Purpose (analog) da t a  were 

processed by Stanford Univers i ty .  The goa ls  of t h e  SU/SRI VLF exper i -  

ment have been t o  compile a comprehensive survey of VLF n o i s e  of n a t u r a l  

o r i g i n  and thus  t o  extend t h e  understanding of VLF propagat ion i n  t h e  

environment of t h e  OGO-I s a t e l l i t e .  

The OGO-I s a t e l l i t e  has  many modes of opera t ion  t o  handle va r ious  

types of da t a  and t o  provide va r ious  d a t a  sampling r a t e s .  One of t h e  

remarkable c a p a b i l i t i e s  of t h i s  s a t e l l i t e  is t h e  l a r g e  quan t i ty  of da ta  

t h a t  it can r e t u r n  t o  ground during its l i f e t i m e .  I t  can t r ansmi t  

d i g i t a l  da t a  i n  r e a l  t i m e  a t  1,000, 8,000, or 64,000 binary b i t s  p e r  

second (b/s) and s imultaneously t r ansmi t  analog da ta  with a bandwidth 

of 100 kHz. Operating cont inuously a t  1 kb/s for one year, t h e  space- 

c r a f t  would t r ansmi t  3 X 1 0  b i t s  of d a t a ,  Experiment A - 1 7  g e t s  about 
10  

* 
References a r e  l i s t e d  a t  t h e  end of t h e  r e p o r t .  
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6 percent  of a l l  t h e  d i g i t a l  da ta  c o l l e c t e d ;  a t  the  1-kb/s d a t a  r a t e ,  

it would g e t  2 x lo9 b i t s  of information i n  one year. 

S ince  OGO-I was t o  c a r r y  t h e  f i r s t  VLF r e c e i v e r  t o  a l t i t u d e s  g r e a t e r  

than  3,000 k m  and even i n t o  i n t e r p l a n e t a r y  space, it was d e s i r a b l e  t h a t  

every b i t  of da t a  received be s c r u t i n i z e d .  

viewing a t  a r a t e  of a t  l e a s t  t w o  o rde r s  of magnitude f a s t e r  than the 

A process  a l lowing da ta  

r a t e  a t  which t h e  da t a  were taken was sought. Rapid viewing or scanning 

of t h e  d a t a  was a l s o  necessary,  t o  determine t h e  most s i g n i f i c a n t  or 

most common events  from l a r g e  samples of da t a  contaminated wi th  i n t e r -  

f e rence  s i g n a l s .  Clear ly ,  t h e  handl ing,  processing,  and a n a l y s i s  of 

such an overwhelming q u a n t i t y  of d a t a  requi red  a new and o r i g i n a l  

approach. 

I n  1963 SRI launched two Aerobee rocke t s  t o  ob ta in  s c i e n t i f i c  d a t a  

and t o  test  t h e  des ign  concepts  and ope ra t ions  of t h e  OGO-I VLF i n s t r u -  

mentat ion.  The  r e s u l t s  from t h e s e  Aerobee rocke t s  have been reported.”  

The da ta  received from t h e  instruments  on board t h e  Aerobees were pro- 

cessed by photographing each sweep frame of s t r i p - c h a r t  da t a  onto  16-mm 

c i n e  f i l m .  T h i s  method provides  both rap id  viewing of l a r g e  q u a n t i t i e s  

of da t a  and compact, convenient s to rage .  

graphing t h e  da t a  a r e  apparent  from viewing the completed f i lms :  

c a p a b i l i t y  f o r  d i sc r imina t ion  between s i g n a l s  and coherent  i n t e r f e r e n c e  

has been improved cons iderably  over  o t h e r  techniques,  and varying t h e  

speed of p r o j e c t i o n  causes an apparent  change i n  the  i n t e g r a t i o n  t i m e  

cons tan ts .  

Other  advantages of photo- 

The 

From t h e  experience gained wi th  t h e  Aerobee f i lms ,  it was d e c i d e d  

t h a t  the p r i n c i p a l  emphasis of t h e  OGO d i g i t a l  d a t a  reduct ion  e f f o r t  

should be p u t  on producing a f i lm  d i s p l a y  of a l l  t h e  d i g i t a l  da t a  from 

t h e  s a t e l l i t e .  With t h i s  f i l m  d i sp lay ,  768 d a t a  p o i n t s  or l o5  b i t s  

of information a r e  displayed and s to red  on one frame of 16-mm f i lm .  

Each d a t a  p o i n t  i s  computed from a 9-b i t  da t a  word. 

1 6  frames p e r  second (normal p r o j e c t i o n  speed), one can scan 4 X 10 

da ta  p o i n t s  or 4 X 10 b i t s  of information i n  1 hour. 

Consequently, a t  
7 
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The q u a n t i t y  of OGO-I da t a  reduced and s to red  on f i l m  t o  d a t e  i s  
8 on t h e  order  of 1 0  

inc ludes  every b i t  of da t a  from Experiment A-17 through Revolution 99. 

A f t e r  Revolution 99, t h e  da t a  reduction process  was stopped t o  a l low 

t i m e  f o r  a s  much da ta  a n a l y s i s  a s  p o s s i b l e  wi th  t h e  remaining c o n t r a c t  

t i m e  and funds.  Data a r e  s t i l l  being t r ansmi t t ed  from OGO-I and d a t a  

processing and a n a l y s i s  should be resumed. 

da t a  p o i n t s  or 2 x l o l o  b i t s  of information and 
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2. DESCRIPTION OF EXPERIMENT A-17 

2.1 Appl ica t ion  

The j o i n t  SU/SRI VLF experiment3 aboard the OW-I s a t e l l i t e  was 

intended not  only t o  v e r i f y  ground observa t ion  by d i rec t  measurement i n  

t h e  magnetosphere but  a l s o  t o  explore  t h e  VLF e lec t romagnet ic  environment 

beyond t h e  magnetosphere. The ins t rumenta t ion  f o r  t h i s  exper5ment was 

designed t o  accomplish t h e  fol lowing t h r e e  main s c i e n t i f i c  goa ls :  

(1) To compile a comprehensive survey of VLF no i se  of 

n a t u r a l  o r i g i n  found wi th in  t h e  region of t h e  o r b i t .  

The n o i s e  phenomena may be c l a s s i f i e d  i n t o  t h e  

fol lowing ca t egor i e s :  

(a) t e r r e s t r i a l  no i se  produced below a he ight  
of 70 km, such a s  atmospherics due t o  
l i g h t n i n g ;  

sphere  and magnetosphere, such a s  VLF 
emissions produced by charged p a r t i c l e s  
trapped i n  t h e  e a r t h ’ s  magnetic f i e l d ;  and 

such a s  s o l a r  and p l ane ta ry  no i se .  

(b) no i se  generated wi th in  the  e a r t h ’ s  iono- 

( c )  cosmic n o i s e  of e x t r a t e r r e s t r i a l  o r i g i n ,  

T h i s  survey i s  expected t o  be ins t rumenta l  i n  d e t e r -  

mining t h e  sources  of va r ious  VLF phenomena observed 

on t h e  ground and i n  o t h e r  s a t e l l i t e  and rocket  

experiments.  

(2) To extend the understanding of VLF propagat ion i n  t h e  

ionosphere.  T h i s  understanding should,  i n  tu rn ,  i n -  

c r e a s e  ou r  knowledge of t h e  composition of t h e  upper 

atmosphere, s i n c e  t h e  propagat ion of VLF waves i s  

extremely s e n s i t i v e  t o  t h e  low l e v e l s  of i o n i z a t i o n  

and magnetic f i e l d  found t h e r e ,  Both n a t u r a l  and 

a r t i f i c i a l  sources have been used i n  propagat ion 

measurements, by employing techniques developed a t  

SRI i n  prev ious  rocket  and s a t e l l i t e  experiments.  

5 



( 3 )  To compile engineer ing information t h a t  w i l l  improve 

t h e  design of ins t rumenta t ion  f o r  subsequent ex- 

per iments ,  inc luding  eva lua t ions  of s e n s i t i v i t y ,  

frequency range, r e so lu t ion ,  dynamic range, s t a b i l i t y ,  

etc., t o  determine d e s i r a b l e  modi f ica t ions  t o  t h e s e  

parameters.  

S ince  t h e  measurements undertaken by t h e  OGO-I VLF r e c e i v e r  were 

explora tory  i n  na ture ,  t h e  r e c e i v e r  was designed t o  provide a w i d e  range 

o f  measurement c a p a b i l i t y  and t o  have cons iderable  v e r s a t i l i t y .  The 

design inc ludes  wide  frequency coverage (0.2-to-100-kHz cont igous narrow- 

band measurements and 0.2-to-12.5-kHz broadband measurements), l a r g e  

dynamic range (approximately 80 dB), both sweep- and fixed-frequency 

opera t ion  of t h e  narrow-band r ece ive r s ,  and c a p a b i l i t y  f o r  making r e l a t i v e  

phase measurements on ground t r a n s m i t t e r s .  To meet t h e s e  goa ls ,  s i g n i f i -  

can t  development of improved r e c e i v e r  c i r c u i t r y  s u i t a b l e  f o r  r e l i a b l e  

s a t e l l i t e  opera t ion  was necessary.  The r e c e i v e r  t h a t  was developed 

be t t e red  t h e  o r i g i n a l  requirements of weight, s i z e ,  and power; made 

e f f i c i e n t  u s e  of s a t e l l i t e  da t a  c a p a b i l i t y  and ground commands; and y e t  

provided VLF measurement c a p a b i l i t y  not  prev ious ly  obtained.  

2.2 Funct iona l  Descr ip t ion  

The  OGO-I VLF r e c e i v e r  c o n s i s t s  of two major p a r t s :  an antenna 

with a p reampl i f i e r  a t  t h e  end of a long boom (EP-5) and t h e  r ece ive r  

e l e c t r o n i c s  package loca ted  i n  t h e  s a t e l l i t e  main body. 

The antenna is a t o r u s ,  2.9m i n  diameter  w i t h  a 7.6-cm-diameter 

c r o s s  s e c t i o n ,  f a b r i c a t e d  from aluminum-Mylar lamina te  i n  t h e  form of 

an i n f l a t a b l e  tube  (see Fig .  2 .1) .  Th i s  antenna was designed and b u i l t  

by t h e  Antennas and Microwave Department of Lockheed Missiles and Space 

Company under subcont rac t  t o  Stanford Univers i ty .  The de f l a t ed  antenna 

was stowed i n  a small  space during launch and was i n f l a t e d  i n  o r b i t  by 

ground command a f t e r  t h e  long boom had been deployed. The loop antenna 

was connected t o  t h e  p reampl i f i e r  t e rmina l s  by two wires, which a l s o  

formed a small  loop w i t h  approximately 0.1m2 of included a r e a ;  t h i s  loop 

served a s  a backup f o r  t h e  l a r g e  loop i n  t h e  event  t h a t  it cou ld  not  be 

deployed. 
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The p reampl i f i e r  (Fig. 2.2) is  a broadband, low-noise a m p l i f i e r  

covering the  frequency range 0.2 t o  100 kHz, wi th  n o i s e  temperature  of 

approximately 50°K. The matching network between antenna and p reampl i f i e r  

inc ludes  a t ransformer  t o  match the antenna impedance t o  t h e  a m p l i f i e r  

and t o  provide c i r c u i t s  f o r  i n j e c t i n g  a c a l i b r a t e  c u r r e n t  i n  shunt  wi th  

t h e  antenna and a c a l i b r a t e  v o l t a g e  i n  series wi th  t h e  antenna. These 

i n j e c t i o n s  provide c a l i b r a t i o n  of t h e  r e c e i v e r  and a r e  a l s o  used t o  

measure t h e  antenna impedance. S igna l  a m p l i f i c a t i o n  i s  provided by t h e  

p reampl i f i e r  so t h a t  i n t e r f e r e n c e  s i g n a l s  picked up i n  t h e  p reampl i f i e r  

output  c a b l e s  and thermal n o i s e  i n  t h e  fo l lowing  c i r c u i t s  a r e  n e g l i g i b l e  

compared wi th  t h e  i n t e r f e r e n c e  s i g n a l s  received d i r e c t l y  by t h e  Bntenna 

and t h e  thermal  n o i s e  of t h e  p r e a m p l i f i e r  input  c i r c u i t .  

The r e c e i v e r  (Fig. 2.3) c o n s i s t s  of t h r e e  narrow-band r e c e i v e r s  

s imultaneously covering t h e  bands 0.2 t o  1.6 kHz, 1 .6  t o  12.5 kHz, and 

12.5 t o  100 kHz, i n  256 equal  frequency s t e p s .  I n  add i t ion ,  a broadband 

r e c e i v e r  g ives  t h e  broadband spectrum and t h e  average amplitude of s i g n a l s  

i n  t h e  0.3-to-12.5-kHz range. Various modes f o r  ope ra t ing  these r e c e i v e r s  

a r e  provided by a memory ope ra t ing  from ground command. These modes in-  

c l u d e ,  i n  some combination, t h e  fol lowing:  

automatic  s t epp ing  of t h e  narrow-band r e c e i v e r s  

i n  synchronism wi th  t h e  spacec ra f t  d i g i t a l  d a t a  system, 

wi th  each r e c e i v e r  ou tput  sampled by t h e  Wideband 

t e l e m e t r y  system; 

s t epp ing  of t h e  narrow-band r e c e i v e r s  by ground 

command t o  any des i r ed  s i g n a l ,  wi th  each r e c e i v e r  

output  sampled by t h e  Wideband t e l eme t ry  system and 

analog da ta  on t h e  amplitude and r e l a t i v e  phase of t h e  

12.5-to-100-mz narrow-band r e c e i v e r  s i g n a l  te lemetered 

by t h e  Special-Purpose te lemet ry  system; 

average amplitude,  wi th  bandwidth of approximately 

300 Hz and t h e  broadband spectrum of t h e  broadband 

r e c e i v e r  (0.3-to-12.5-kHz) s i g n a l  te lemetered on t h e  

Spec ia l  Purpose system; and 
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FIG. 2.2 EXPERIMENT A-17 PREAMPLIFIER ASSEMBLY 

FIG. 2.3 EXPERIMENT A-17 RECEIVER ASSEMBLY 
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(4) i n j e c t i o n  of a combination of c u r r e n t  and v o l t a g e  

c a l i b r a t e  s i g n a l s  i n t o  t h e  antenna c i r c u i t  every 

s i x t e e n t h  frequency sweep of t h e  narrow-band 

r ece ive r s .  

The narrow-band and broadband r e c e i v e r  ampli tude ou tpu t s  a r e  

loga r i thmic  func t ions  of input  s i g n a l ,  wi th  a 20-dB range of output  

v o l t a g e  r ep resen t ing  s i g n a l s  from approximately r e c e i v e r  threshold t o  

80 dB above r e c e i v e r  t h re sho ld .  

2.3 Instrument  C a l i b r a t i o n s  

Severa l  c a l i b r a t i o n s  of t h e  Experiment A-17 instrument  were necessary 

i n  o r d e r  t o  convert  va lues  of r e c e i v e r  output  vo l t ages  i n t o  va lues  of 

magnetic f l u x  dens i ty .  

given i n  t h i s  s e c t i o n .  

a dummy antenna, which is  an a c c u r a t e  antenna equ iva len t .  

antenna was considered f u l l y  i n f l a t e d  for t h e  purpose  of computing r e -  

c e i v e r  s e n s i t i v i t i e s  (expressed i n  d e c i b e l s  wi th  r e s p e c t  t o  1 gamma rms 

of magnetic f l u x  d e n s i t y ) .  C a l i b r a t i o n s  of t h e  narrow-band r e c e i v e r s  

were made nea r  the uppe r  edge of each band, a t  1.60, 12.7, and 90.0 kHz. 

Since the t h r e e  sweep-frequency r e c e i v e r s  can r ece ive  s i g n a l s  from 

The c a l i b r a t i o n  curves f o r  each r e c e i v e r  a r e  

A l l  ins t rument  responses  were taken by us ing  

The loop 

0.2 tolOO.OkHz, t h e  antenna p reampl i f i e r ,  loca ted  a t  t he  base of t he  

antenna on EP-5, mus t  have a reasonably smooth and s t a b l e  frequency 

response over  t h i s  band. The magnetic f l u x  dens i ty ,  B, measured by t h e  

antenna is given 

where 

v =  
w = 2nf = 

A e & n R  ) = 
2 

R =  

The p reampl i f i e r  

by t h e  fo l lowing  express ion:  

r m s  antenna output  and p reampl i f i e r  input  s i g n a l  v o l t a g e  

r ad ian  s i g n a l  frequency 

e l e c t r i c a l  e f f e c t i v e  a rea  of loop 

average loop r ad ius .  

has  a cons tan t  vo l t age  gain,  and the input  vo l t age  

inc reases  with inc reas ing  frequency i f  t h e  f l u x  d e n s i t y  is  cons tan t .  

1 0  



The response shown i n  F ig .  2.4 v a r i e s  approximately a s  f f o r  0.2 < f < 
100 kHz . 

The sweep-frequency receiver output ,  V,  is loga r i thmica l ly  r e l a t e d  
-5 -9 

t o  B i n  dec ibe l s  wi th  r e spec t  t o  1 gamma (10 gauss,  10  t e s l a ,  or 

lo-' Wb/m ). 

on a logar i thmic  s c a l e  i n  Band 1 f o r  -75 < B C 0 dB (as shown i n  Fig.  

2.5), i n  Band 2 f o r  -95 < B < -20 dB (as  shown i n  F ig .  2 .6) ,  and i n  

Band 3 f o r  -105 < B < -40 dB (as shown i n  Fig.  2.7). The c a l i b r a t i o n  

i n  Band 3 f o r  B < 100 dB could not  be determined on t h e  spacec ra f t  but 

was measured i n  t h e  l abora to ry  p r i o r  t o  spacec ra f t  i n s t a l l a t i o n  (as  

shown by t h e  dashed l i n e  i n  Fig.  2 .7) .  

2 The output  f o r  a given frequency is approximately l i n e a r  

The broadband receiver, whose input  i s  t h e  output  of t h e  low-pass 

f i l t e r  of t h e  Band 2 sweep-frequency rece iver ,  i s  s e n s i t i v e  t o  s i g n a l s  

i n  the  frequency range 0.3 < f < 12.5 kHz. This  is a logar i thmic  re- 

ce ive r ,  with an 80-dB dynamic range, whose amplitude output  i s  t h e  

input  t o  a vo l tage-cont ro l led  o s c i l l a t o r  (VCO). The f i l t e r e d  output 

of t h e  VCO, i s ,  i n  tu rn ,  one input  t o  t h e  spacec ra f t  Special-Purpose 

te lemet ry  system. The c a l i b r a t i o n  of  t h i s  VCO f o r  s i x  f requencies  i n  

Band 2 is shown i n  F ig .  2 .8 .  The VCO f requencies  of synchronizat ion 

and c a l i b r a t i o n  pu l ses  a r e  ind ica ted  with arrows. 

The same VCO can be used t o  convert  t h e  amplitude of e i t h e r  t h e  

Band 3 r ece ive r  or t h e  broadband receiver t o  an FM s u b c a r r i e r  t o  apply 

t o  t h e  Special-Purpose te lemet ry  system. The Special-Purpose t e l e m e t r y  

t r a n s m i t t e r  is phase modulated so t h a t  an FM/PM system r e s u l t s .  The 

VCO is an emitter-coupled m u l t i v i b r a t o r  t h a t  v a r i e s  with frequency 

27.75 < f < 32.25 kHz a s  t h e  input  (antenna output )  s i g n a l  v a r i e s  a s  

-120 < B < -30 dB, i f  t h e  Band 3 amplitude i s  used a s  an input .  The 

VCO c a l i b r a t i o n  is shown i n  F ig .  2.9 f o r  an input  s i g n a l  frequency of 

90 kHz. 

The temperature  of t h e  antenna on t h e  OGO-I EP-5 boom was monitored 

p r i o r  t o  i n f l a t i o n  t o  determine whether it was wi th in  s a f e  l i m i t s .  The 

l i n e a r  output  v a r i e s  over t h e  te lemet ry  range of 0 < V < 5V, corresponding 

t o  a temperature  range of -80 < T < +16OoC, a s  shown i n  Fig.  2.10. 
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There a r e  two d i f f e r e n t  c a l i b r a t i o n  curves :  one f o r  both ordnance 

power and experiment power on, t h e  o t h e r  f o r  e i t h e r  ordnance power or 

experiment power on. 

2.4 Summary of Technical  C h a r a c t e r i s t i c s  

2.4.1 R e c e i v e r  C h a r a c t e r i s t i c s  

Table  2 .1  summarizes t h e  c h a r a c t e r i s t i c s  of t h e  Experiment 

A-17 components. 

Table  2.1 

PHYSICAL CHARACTERISTICS OF EXPERIMENT A-17 

L 

Dimensions: Main-Body Package. . . . . . .  19.0 X 15.5 X 9.2 c m  

P reampl i f i e r  . . . . . . . . .  4.7 X 4 . 7  X 7.8  c m  

Antenna ( fu r l ed )  . . . . . . .  13 X 22 X 9 c m  

Antenna (unfurled)  . . . . . .  2.9m-diameter t o r u s  of 
7.6-cm-diameter thin-wall  
Mylar-aluminum tube 

1 Antenna I n f l a t i o n  Mechanism I 
Gas B o t t l e .  . . . . . . .  5 X 12 c m  

Actuator .  . . . . . . . .  6.4 X 4 . 4  X 2.2 c m  

Rel ie f  Valve. . . . . . .  2 X 2 X 6 c m  

(diameter X length)  

Weight: Main-Body Package. . . . . . .  800g 

P reampl i f i e r  . . . . . . . . .  13Og 

Antenna. . . . . . . . . . . .  315g 

Antenna I n f l a t i o n  Mechanism 

Gas B o t t l e .  . . . . . . .  320g 

Actua tor .  . . . . . . . .  115g 

Rel ie f  Valve. . . . . . .  45g 

Gas (2000 p s i  argon).  . .  20g 

I Input  Power: 28.5 +5 Vdc, 33 mA 
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2.4.2 Data Outputs and Receiver Modes -- 

1 

1.68 

147 

340 

Table  2.2 summarizes t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of 

Experiment A-17. 

8 64 

13 .9  111 

18.4 2.3 

49 4 . 4  

Table  2.2 

ELECTRICAL CHARACTERISTICS OF EXPERIMENT A - 1 7  

S e n s i t i v i t y  

LO Frequency 

IF Frequency 
(kHz1 

Bandwidth, 
-3 dB (Hz) 

Bandwidth 
-60 dB (Hz) 

AF /S t ep  
(Hz) 

Data Rate  
(kb/s) 

Sweep Rate 
(Steps / s )  

Sweep Time 
(SI 

Output Time 
Constant (ms 

Band 1 

D.2-1.6 

(2.4-0.3) x 

90 

0-5.12 

3.11-1.71 

3.31 

40 

450 

5.4 

- 
1 

1.68  

147 

880 - 

- 
8 

13.9 

18.4 

110 
L 

Receiver  
Band 2 

- 
64 

111 

2.3 

14 - 
20 

. -6-12.5 

(2.4-0.3) x lom5 

30 

1-5.12 

!4.9-14.0 

i6.5 

-60 

-300 

13 

Band 3 

12,5-100 

(6.0-0.8) x 

80 

0-5.12 

199.5-112 

212 

600 

4500 

344 

- 
1 

1.68  

147 

150 

- 
8 

13.9 

18 .4  

18 - 

64 

111 

2.3 

2 - 

Broad band 

0.3-12.5 

3 x 
-3 x 10-5 

80 



The sweep-frequency receivers a r e  au tomat ica l ly  s tepped (with 

t h e  c h a r a c t e r i s t i c s  given i n  Table  2.2) whenever the r e c e i v e r  is i n  

Modes 1 and 2 ;  i n  Mode 3 t h e s e  r e c e i v e r s  can be stepped by ground command 

t o  any d e s i r e d  frequency. One command w i l l  s t e p  t h e  receivers one s t e p :  

another  command w i l l  s t e p  t h e  receiver e i g h t  s t e p s  (see Table  2.3).  

Table 2 .3  

GROUND COMMANDS AND RECEIVER MODES OF EXPERIMENT A-17' 

2ommand * 
PC 40  on 

PC 4 0  of f  

IC 16 

- 
I_ 

I C  17 

I C  18 

I C  1 9  

I C  20 

Octal  Code 

253 

273 

173 

1 1 4  

134  

154 

174  

Receiver  Mode, Receiver. Configuration, Data Outputsf 

Power on 

Power off  

I 

- 
Mode 1 

Mode 2 

Mode 3 

Bands 1, 2, and 3 sweeping; 
amplitude appl ied  t o  30-kHz 
2 LO appl ied t o  SP TLM 

Bands 1, 2, and 3 sweeping; 
amplitude appl ied  t o  30-kHz 
broadband spectrum appl ied 
Band 2 LO appl ied t o  SP TLM 

broadband 
VCO; Band 

broadband 
vco ; 
o SP TLM; 

Bands 1, 2, and 3 f ixed  frequency; 
Band 3 amplitude appl ied  t o  30-kHz 
VCO; Band 3 phase (53 kHz) appl ied 
t o  SP TLM; Band 2 LO appl ied t o  SP 
TLM. F i r s t  I C  18 a f t e r  I C  16 or I C  
17 sets receiver frequency t o  high 
end; next  I C  18 resets frequency t o  
low end; subsequent I C  18's s t e p  f r e -  
quency by one s t e p .  

Same mode and da ta  output  a s  I C  18 except 
fol lowing frequency sequence: F i r s t  I C  1 9  
a f t e r  I C  16  or 17 sets receiver frequency 
t o  high end; next  I C  1 9  resets frequency t o  
t h e  seventh s t e p  from t h e  low end; subsequent 
I C  1 9 ' s  s t e p  frequency by e i g h t  s t e p s .  

Antenna i n f l a t i o n  

* 
Power command (PC) and impulse command ( I C ) .  

'In a l l  modes, d i g i t a l  da t a  a r e  taken from t h e  outputs  of Bands 1, 2, 
and 3. 
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2.4.3 Antenna Temperature Monitor 

The temperature  a t  the  antenna manifold is monitored by 

a sensor  wi th  temperature range of approximately -100 t o  +2OO6C. 

The temperature  sensor  output  i s  appl ied  t o  the  Wideband te lemet ry  

system (Subcommutator Word 83), and samples a r e  obtained every 147, 18 .4 ,  

and 2.3 seconds for 1-, 8-, and 64-kb/s da t a  r a t e ,  r e spec t ive ly .  

2.4.4 Automatic C a l i b r a t o r  

Every s i x t e e n t h  sweep of t h e  sweep-frequency r ece ive r s ,  a 

spectrum of 1 kHz and i ts  harmonics a r e  appl ied t o  the antenna for  

c a l i b r a t i o n  purposes.  
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3. DESCRIPTION OF SPACECRAFT 

3.1 Descr ip t ion  of Data-Handling Subsystem 

The OGO-I spacec ra f t  d a t a  subsystem is  b r i e f l y  descr ibed i n  t h i s  

chapter .  A more d e t a i l e d  d i scuss ion  of t h e  complete spacec ra f t  system 

is  avai lable , ’  and t h e  OGO s p e c i f i c a t i o n s  have been published by 

Goddard Space F l i g h t  Center  (GSFC).4 

sys t em a r e  shown i n  a s impl i f i ed  block diagram (Fig.  3.1). Each of 

t h e  two i d e n t i c a l  data-handling u n i t s  (Equipment Groups 1 and 2) inc ludes  

a set of t i m e  mul t ip lexers  or commutators and an analog-to-digi ta l  con- 

v e r t e r .  E i t h e r  analog or d i g i t a l  da t a  can be handled by the commutator. 

The f o u r  analog outputs  of Experiment A-l7--the Bands 1, 2, and 3 

r ece ive r s  and t h e  antenna temperature sensor--are sampled by both 

equipment groups.  

The major elements of the sub- 

The output  of one equipment group is  recorded by one of two t ape  

recorders  ( the  second recorder  being a backup u n i t  or standby) a t  a 

r a t e  of 1 kb/s .  Each recorder  conta ins  s u f f i c i e n t  t ape  t o  s t o r e  da t a  

f o r  1 2  hours;  t h e  second u n i t  switches on au tomat ica l ly  when the first 

i s  f u l l .  They a r e  read out  p e r i o d i c a l l y  i n  r eve r se  time sequence 

(acce lera ted  rewind) and t ransmi t ted  t o  ground s t a t i o n s  a t  64 kb/s.  

The second equipment group i s  used t o  telemeter da t a  t o  a ground s t a t i o n  

i n  r e a l  t i m e  a t  1, 8, or 64 kb/s on command from the ground s t a t i o n .  

The equipment groups can be interchanged on command, s o  t h a t  e i t h e r  

can be used f o r  real- t ime da ta  t ransmiss ion  and t h e  o the r  f o r  da t a  

s to rage .  

One of the t w o  redundant 400.25-MHz Wideband transmitters--Wide- 

band A and Wideband B--using pulse-code modulation/phase modulation 

(PCMDM) telemeters t h e  d a t a  from the real- t ime equipment group or 

from t h e  t ape  recorders ,  a s  d i r e c t e d  by ground command. One t r a n s -  

mitter d r i v e s  t h e  d i r e c t i o n a l  antenna, while t h e  o t h e r  d r i v e s  t h e  

omnidirect ional  antenna. Each t r a n s m i t t e r  s u p p l i e s  l O W  t o  t he  antenna. 
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The second major p o r t i o n  of t he  da t a  subsystem i s  t h e  Spec ia l  

Purpose t r a n s m i t t e r  ope ra t ing  a t  400.85 MHz. I t  s u p p l i e s  0.5W t o  the 

omnidi rec t iona l  antenna. Th i s  t r a n s m i t t e r  was designed t o  t e l eme te r  

da t a  from experiments t h a t  a r e  incompatible  wi th  t h e  t ime-sharing f e a t u r e  

of t h e  Wideband system or s i g n a l s  t o  be telemetered i n  completely un- 

processed form. I t  is  phase modulated by one or more s i g n a l s ,  t o  a 

t o t a l  of f i v e ,  each s i g n a l  5V peak t o  peak and wi th in  t h e  0.3-to-lOO-k&~ 

range. Experiment A-17 has two s i g n a l  channels on t h e  Special-Purpose 

baseband. One channel i s  a 30-kI-Iz VCO modulated by t h e  broadband 

amplitude i n  Modes 1 and 2 or the Band 3 amplitude i n  Mode 3. The 

o t h e r  channel c o n s i s t s  of a 0.3-to-12.5-kHz s i g n a l  i n  Modes 2 and 3, 

15-to-25-kHz l o c a l  o s c i l l a t o r  s i g n a l  i n  a l l  modes, and a 53-kHz Band 3 

phase s i g n a l  i n  Mode 3. A l l  t h e  analog d a t a  a r e  being processed and 

s to red  by Stanford Univers i ty ,  wi th  major emphasis on t h e  product ion 

of Rayspan records5 of t h e  0.3-to-12.5-kHz broadband spectrum s i g n a l .  

3.2 Descr ip t ion  of PCM Telemetry System 

N O - I  u ses  a sp l i t -phase  PCM/PM d i g i t a l  t e lemet ry  system i n  which 

each t e l e m e t r y  frame con ta ins  128 9-b i t  words. Twelve words of t he  

frame con ta in  f ixed  inpu t s :  the frame sync p a t t e r n ,  t h e  s p a c e c r a f t  

c lock readout ,  t h e  s p a c e c r a f t  data-handling s t a t u s  words, and sampling 

of t h e  t h r e e  spacec ra f t  subcommutators. Assignments of d a t a  outputs  t o  

t h e  remaining words of t h e  128-word frame vary  i n  format according t o  

whether t h e  outputs  a r e  suppl ied  i n  t h e  main frame mode, i n  one of t h e  32 

f l e x i b l e  format modes, or i n  t h e  acce le ra t ed  subcommutator mode. The 

main frame commutator a s s igns  outputs  t o  t h e  128-word frame from a l l  

experiments except one (Experiment A-14) which does not  u se  t h e  space- 

c r a f t  PCM da ta  format .  S e l e c t i o n  of one of t h e  f l e x i b l e  format modes 

by ground command only r ep laces  main frame assignments,  and ground 

command as s igns  ou tpu t s  from t h e  spacec ra f t  subcommutator t o  t h e  128-word 

frame. Se lec t ion  of a f l e x i b l e  format f o r  ass igning  outputs  t o  t h e  128- 

word frame r e s u l t s ,  i n  e f f e c t ,  i n  supercommutation of subcommutated out- 

p u t s  i n  t h e  main frame. Se lec t ion  of t h e  acce le ra t ed  subcommutator 

mode by ground command as s igns  subsystem outputs  from spacec ra f t  

Subcommutator 2 (Main Commutator Word 98) t o  t h e  116 unfixed words of 

t h e  main frame. 
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Experiment A-17 was assigned and uses  Main Commutator Words 46, 

47, 48,  110, 111, and 112 and Word 83 i n  Subcommutator 1 i n  both 

equipment groups.  Band 1 output  da t a  appear on Main Commutator Words 

46 and 110, Band 2 d a t a  on Main Commutator Words 47 and 111, Band 3 

output  da t a  on Main Commutator Words 48  and 112, and t h e  temperature 

sensor  da t a  on Subcommutator Word 83. A d e t a i l e d  d i scuss ion  of the 

OGO-B te lemet ry  format can be found i n  a NASA Report.' 

between t h e  OGO-A (OGO-I) and OGO-B (OGO-111) formats,  which d o  not  

d i r e c t l y  a f f e c t  Experiment A-17, a r e  a l s o  descr ibed i n  t h a t  r e p o r t .  

The d i f f e r e n c e s  

3.3 O r b i t a l  Operat ions 

3.3.1 General 

Since t h e  launching of the OGO-I s a t e l l i t e ,  i t s  opera t ion  i n  

o r b i t  has been con t ro l l ed  by commands t r ansmi t t ed  from t h e  ground. 

These commands o r i g i n a t e  i n  t h e  OGO Operat ions Control  Center  (OGO CC) 

under t h e  d i r e c t i o n  of t h e  P r o j e c t  Operations Di rec to r  (POD). Experiment 

requirements must be opt imal ly  matched by the  POD t o  t h e  s a t e l l i t e ,  

experiment, d a t a  a c q u i s i t i o n ,  command, communication, and d a t a  process ing  

c a p a b i l i t i e s  e x i s t i n g  a t  t h e  t i m e  s p e c i f i e d  i n  t h e  opera t ions  p lan .  

The requirements for a r evo lu t ion  plan a r e  supposed t o  be coordinated 

a s  shown i n  t h e  flow c h a r t ,  Fig.  3 .2 .  

For example, i n  a t y p i c a l  Experiment A - 1 7  opera t ion  it is  

des i r ed  t o  tune  t h e  Band 3 r e c e i v e r  t o  a U . S .  Navy VLF s t a t i o n .  From 

the  o r b i t  p red ic t ions ,  a per iod i s  s e l e c t e d  when t h e  s a t e l l i t e  w i l l  be 

i n  p o s i t i o n  t o  rece ive  s i g n a l s  t r ansmi t t ed  from t h e  ground and when the 

t r a n s m i t t e r  w i l l  be opera t ing .  From s t a t i o n  coverage p red ic t ions ,  it 

is then  determined t h a t  d a t a  can be taken and t h a t  commands can be s e n t  

t o  t h e  s a t e l l i t e ,  received,  and v e r i f i e d .  Discussions a r e  then  held 

with t h e  POD or h i s  r e p r e s e n t a t i v e  t o  determine whether any spacec ra f t ,  

communication, or o t h e r  ope ra t iona l  c o n s t r a i n t s  w i l l  a f f e c t  t h e  

opera t ion .  I f  no c o n f l i c t s  a r e  found, t h e  opera t ion  is scheduled i n  

the r evo lu t ion  ope ra t ions  p lan .  
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EXPERIMENT OPERATIONS EXPERIMENTER c LIAISON REQUIREMENTS PLAN 

ORBIT -1 PREDICTION DATA I-' 

STADAN NET 
CONTROLLER 

0-4007-70 

SPACECRAFT 

FIG. 3.2 FLOW CHART OF GENERATION OF REVOLUTION OPERATIONS PLAN 

EVALUATION DAY-BY-DAY PERFORMANCE 

Severa l  s p e c i a l  opera t ions  have been s u c c e s s f u l l y  conducted, 

d e s p i t e  almost d a i l y  changing of t h e  c o n s t r a i n t s  and cond i t ions .  The 

success  of t h e s e  opera t ions  i s  a t r i b u t e  t o  the Operat ions personnel  

a t  NASA/GSFC . 
Systems ope ra t ions  a re :  

(1) Prelaunch ope ra t ions  

(2) Post-launch ope ra t ions  

(a) I n i t i a l  

(b) Routine 

(c) Special-event  . 
Plans  were generated for both prelaunch ope ra t ions  and post-launch 

opera t ions ,  w i t h  no dev ia t ions  allowed un le s s  au thor ized  by t h e  POD. 

3.3.2 Prelaunch Operat ions 

Prelaunch ope ra t ions  were conducted t o  ensure t h e  compat ib i l i ty  

of t h e  i n t e r f a c e  between t h e  OGO-I s a t e l l i t e  and the ground s t a t i o n .  

Data t a p e s  and o r b i t  t apes  were generated t o  check out t h e  GSFC da ta  

processing opera t ion  and t o  provide t h e  experimenters  with inpu t s  t o  
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t h e i r  computer programs f o r  prelaunch debugging purposes.  

requirements f o r  Experiment A-17 were formulated,  presented,  and co- 

ord ina ted ,  and an  i n i t i a l  experiment turn-on sequence was e s t ab l i shed .  

F i n a l  instrument c a l i b r a t i o n s  were performed dur ing  t h e s e  tests. 

The ope ra t iona l  

3 . 3 . 3  I n i t i a l  Operat ions 

The i n i t i a l  phase of opera t ions  began a t  l i f t - o f f  and continued 

through t h e  f irst  two revolu t ions ,  approximately f i v e  days. During t h a t  

per iod,  t h e  a l iveness  and ope ra t iona l  s t a t u s  of t h e  experiment and space- 

c r a f t  subsystems were almost cont inuously monitored and eva lua ted .  Since 

t h e  s a t e l l i t e  d id  not  func t ion  a s  planned, dev ia t ions  from t h e  planned 

sequencing and t iming of events  were authorized i n  an  attempt t o  i s o l a t e  

and eva lua te  t h e  malfunct ions.  When t h e  s a t e l l i t e  had f a i l e d  t o  a t t i -  

t u d e  s t a b i l i z e  a s  planned, it was spun u n t i l  a l l  t h e  a l t i t ude -con t ro l -  

system gas was exhausted before  a sp in - s t ab i l i zed  a t t i t u d e  was achieved. 

This  s eve re ly  l imi t ed  t h e  t i m e  when s u f f i c i e n t  power was a v a i l a b l e  f o r  

spacec ra f t  and experiment opera t ions  and when real- t ime da ta  could be 

received a t  t h e  ground s t a t i o n s .  Consequently, a l l  t h e  opera t iona l  p lans  

were rev ised .  (For d e t a i l s ,  see R e f .  8.) 

3.3 .4 Routine Operations 

The r o u t i n e  phase of opera t ions  commenced when t h e  i n i t i a l  

opera t ions  phase had terminated.  The day-to-day scheduling, eva lua t ing ,  

and opera t ions  now took p lace ,  wi th  some i n t e r r u p t i o n s  during minimum 

power seasons.  The d a t a  a c q u i s i t i o n  p l an  was rev ised  t o  acqui re  a s  

l a r g e  a q u a n t i t y  of da t a  a s  poss ib le ,  s i n c e  the  l i f e t i m e  of t h e  space- 

c r a f t  was unce r t a in .  Even when s u f f i c i e n t  power was ava i l ab le ,  d a t a  

a c q u i s i t i o n  was l imi t ed  t o  those  occasions when the d i r e c t i o n a l  antenna 

was po in t ing  approximately toward t h e  e a r t h  or when the spacec ra f t  was 

nea r  pe r igee  and t h e  omnidi rec t iona l  antenna could be used. 
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3 . 3 . 5  Specia l  -Event Operat ions  

Special-event  ope ra t ions  have been implemented fol lowing 

t h e  occurrence of geophysical  events .  I n  each case,  a s p e c i a l  plan 

appropr i a t e  t o  t h e  event repor ted  has  been p u t  i n t o  e f f e c t  t o  acqu i r e  

da t a  a s  s p e c i f i e d  by e x i s t i n g  ind iv idua l  experimenters .  Experiment A-17 

has usua l ly  c a l l e d  t h e  OGO CC d i r e c t l y  when a s p e c i f i c  event  has  been 

observed on the ground or a change i n  t h e  observatory s t a t u s  has been 

des i r ed .  On s e v e r a l  occasions,  t h e  instrument  has  been put i l i t o  Mode 

3 and tuned t o  a p a r t i c u l a r  VLF s t a t i o n .  To ensure proper  tun ing  of 

t h e  Band 3 l o c a l  o s c i l l a t o r ,  t h e  Special-Purpose te lemet ry  from t h e  

spacec ra f t  has  been monitored by us ing  t h e  150-foot d i s h  antenna a t  

t h e  Stanford Center  f o r  Radio Astronomy. When c o r r e c t i o n s  have been 

requi red ,  they have been telephoned d i r e c t l y  t o  t h e  personnel a t  OGO 

CC, and t h e  commands have been t r ansmi t t ed  and v e r i f i e d  i n  r e a l  t i m e .  
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4. DATA ACQUISITION 

Secondary 

4 .1  NASA/GSFC Data Acquis i t ion  System 

40 

Data te lemetered from OGO-I a r e  recorded a t  t h e  Space Telemetry and 

Data Acqu i s i t i on  Network (STADAN) s t a t i o n s  l i s t e d  i n  Table 4 . 1 .  The 

S e c ond a r y  

s t a t i o n s  designated as primary a r e  d i s t ingu i shed  by t h t i r  g r e a t e r  command 

c a p a b i l i t y ,  a real- t ime d a t a  l i n k  with GSFC, and the g r e a t e r  aelemetry 

recept ion  c a p a b i l i t y  afforded by t h e i r  85-foot pa rabo l i c  antennas.  

Otherwise, primary and secondary s t a t i o n s  a l i k e  acqui re  and record both 

PCM and Special-Purpose te lemet ry  from OGO-I. The gene ra l  flow of 

da t a  a t  t h e  a c q u i s i t i o n  s t a t i o n s  i s  ind ica t ed  on Fig .  4 . 1 .  

40 

Table 4 . 1  

OGO-I SPACE TELEMETRY AND DATA ACQUISITION STATIONS 

S t a t i o n  and 

Gilmore Creek, 
Alaska 

Rosman, 
North Carol ina 

Johannesburg, 
Union of S .  Afr ica  

Qui to ,  
Ecuador 

Sant iago,  
Chi le  

Letter Code! 

SKA TJLASKA 

ROS ROSMAN 

JOB JOBURG 

WI QUITQE 

SNT SNTAGO 

- 
No. 

Code - 
19 

20 

16  

5 

8 
- 

Leal -Time 
la ta  Link 
t o  GSFC 

Y e s  

Y e s  

None 

None 

None 

Primary 

Primary 85 

Secondary 40 

During a rou t ine  rea l - t ime pass  a t  a s t a t i o n ,  t h e  136-MHz t r ack ing  

beacon or t h e  400.85-MHz Special-Purpose t r a n s m i t t e r  s i g n a l  i s  

acquired f i r s t ,  s i n c e  t h e  t r ack ing  beacon i s  not  turned of f  and t h e  

Special-Purpose t r a n s m i t t e r  is normally l e f t  on a l l  t h e  t i m e .  

a spacec ra f t  s i g n a l  has  been acquired,  commands a r e  s e n t  t o  t u r n  on t h e  

A f t e r  
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I D- 4007 
SYSTEM 

- 59 

FIG.4.1 FLOW CHART OF DATA AT GROUND STATIONS 
From Ref. 6, p. 41. 

Wideband t r a n s m i t t e r ,  t o  dump on-board t ape  r eco rde r s ,  or t o  configure 

t h e  s p a c e c r a f t  or experiments according t o  t h e  r evo lu t ion  opera t ions  p lan .  

A l l  d a t a  a r e  then recorded, a s  shown i n  Fig.  4 . 1 .  A t  t h e  end of a 

pass when t h e  s i g n a l s  s t a r t  t o  fade  and before  l o s s  of s i g n a l ,  commands 

a r e  s e n t  t o  t u r n  of f  t h e  Wideband t r a n s m i t t e r .  The PCM da ta  a r e  re- 

corded on magnetic t ape  i n  analog form with t h e  t r a c k  assignments 

shown i n  Table  4.2. The  Special-Purpose da t a  a r e  recorded w i t h  t h e  

t r a c k  assignments shown i n  Table  4.3. Formats f o r  t h e  BCD, SD, and 

WWV t i m e  codes appear  i n  F ig .  4.2. 
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* 
Table 4.2 

MAGNETIC TAPE TRACK 

ASSIGNMENTS FOR WIDEBAND (PCMhM) DATA 

h a c k  

1 

2 

3 

4 

5 

6 

7 

II_ 

h a c k  

1 
- 

2 

3 

4 

5 

6 

7 

__I 

iecord 
2mplif i e r  

D i r e c t  

Direct  

Direct 

D i r e c t  

D i r e c t  

FM 

D i r e c t  

Record 
Amp 1 i f  i e  r 

Direct 

D i r e c t  

Direct  

Direct 

D i r e c t  

FM 

Direct 

Source 

Mult iplex system 

Transmi t te r  c o n t r o l  
panel  

D ive r s i ty  combiner 

Time s tandard  system 

PCM-DHE 

Time s tandard  s y s t e m  

A u d i o  ampl i f i e r  

S igna l  

Receiver  AGCs and 10-kHz 
reference  

Commands 

Unconditioned PCM d a t a  

BCD t i m e  code 

Conditioned PCM da ta  

S e r i a l  decimal t i m e  code 

Voice commentary and 
WWV t i m e  

-7 Table 4 . 3  

MAGNETIC TAPE TRACK ASSIGNMENTS 

FOR SPECIAL-PURPOSE (FMDM) DATA 

Source 

Time s tandard system 
and mult iplexed 
system 

Transmi t te r  c o n t r o l  
panel  

D ive r s i ty  combiner 

Time s tandard  system 

Time s tandard system 

Time s tandard  system 

Audio ampl i f i e r  

~~ * 
Based on Ref. 6, page 41. 

'Based on Ref. 6, page 43. 
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Signal  

Receiver AGCs and 10-kHz 
reference  

Commands 

FM d a t a  

BCD t i m e  code 

100-kHz reference  

S e r i a l  decimal t i m e  code 

Voice commentary and 
WWV t i m e  
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4.2 SU/SRI Data Acqu i s i t i on  System 

The des ign  of t h e  OGO-I Experiment A-17 instrument  provided, i n  

a d d i t i o n  t o  i ts  data-processing c a p a b i l i t y ,  a check of t h e  s t a t u s  of 

t h e  experiment over t h e  Special-Purpose te lemet ry  l i n k .  The o r i g i n a l  

p lan  was t o  use t h e  s a t e l l i t e  t r a c k i n g  s t a t i o n  operated by P ro fes so r  

0. K .  G a r r i o t t  a t  SU t o  receive OGO-I analog d a t a .  Real-time analog 

d a t a  were t o  be processed a t  SU so t h a t  s a t e l l i t e - r e c e i v e d  s i g n a l s  

could be compared with ground-received s i g n a l s  and used t o  determine 

t h e  s t a t u s  of t h e  experiment.  During t h e  f i r s t  t w o  o r b i t s  of OGO-I, 

a t tempts  were made t o  u s e  G a r r i o t t ' s  quadhel ix  antenna t o  receive 

OGO-I Experiment A-17 d a t a .  These a t tempts  were unsuccessfu l ,  because 

a poor s igna l - to-noise  r a t i o  r e s u l t e d  from t h e  s p a c e c r a f t ' s  Spec ia l -  

Purpose te lemet ry  antenna not  being pointed toward t h e  e a r t h .  

The g r e a t e r  s e n s i t i v i t y  of t h e  150-ft-diameter pa rabo l i c  d i s h  

antenna a t  t h e  Stanford Center  f o r  Radio Astronomy enabled analog da ta  

t o  be received a t  c e r t a i n  p o s i t i o n s  of t he  s a t e l l i t e  o r b i t .  To f a c i l i t a t e  

recept ion ,  SU and SRI personnel  made s e v e r a l  modi f ica t ions  t o  t h e  b ig  

d i sh .  The feed system was tuned;  an i l l umina t ion  feed was i n s t a l l e d  t o  

check t h e  p o l a r i z a t i o n  and s e n s i t i v i t y  of t h e  system before ope ra t ions ;  

a C-core p reampl i f i e r  (26-dB ga in ,  4.5-dB no i se  f i g u r e ) ,  furn ished  by 

Stanford Univers i ty ,  was i n s t a l l e d  on one p o l a r i z a t i o n ;  and a tuned 

diode p reampl i f i e r  (0.8-dB l o s s ,  2.5-dB no i se  f i g u r e ) ,  borrowed from 

P r o f e s s o r  Bracewel l ' s  group, was i n s t a l l e d  on t h e  o the r  p o l a r i z a t i o n .  

A Defense E l e c t r o n i c s  I n d u s t r i e s  t e l e m e t r y  r e c e i v e r ,  a Sanborn s t r i p  

c h a r t  recorder ,  a P a c i f i c  Instruments  t ape  recorder ,  and a Spec ia l -  

Purpose te lemet ry  ana lyzer  b u i l t  by SRI completed t h e  system. U n t i l  

3 December 1964, t h e  b ig  d i s h  was operated t w o  or t h r e e  passes  a week 

by SRI personnel ;  subsequent ly ,  SU personnel  continued t h e  ope ra t ion .  

I n  a l l ,  approximately 50 hours of analog d a t a  were acquired by us ing  

t h e  b i g  d i s h .  
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5. DATA PROCESSING 

5.1 NASA/GSFC Data Process ing  System 

The da ta  processing methods, computer programs, hardware systems, 

and processing c o n t r o l s  employed by NASA during launch, back-up, and 

post-launch opera t ions ,  dur ing  quick-look passes ,  and f o r  normal pro- 

duc t ion  process ing  of OGO da ta  have been descr ibed i n  a NASA repor t .=  

The h i g h l i g h t s  of t h e  m a t e r i a l  covered i n  t h i s  NASA repor t  a r e  b r i e f l y  

mentioned here ,  and c e r t a i n  v i t a l  information--such a s  da t a  t ape  formats,  

o r b i t  t ape  formats ,  and command-card formats--is reproduced he re  for 

completeness. 

5 .1 .1  NASA/GSFC Data Format 

The processing of PCM d a t a  f o r  OGO-I fo l lows  approximately 

t h e  chronological  o rde r  shown i n  F ig .  5 .1 .  Upon r e c e i p t ,  magnetic t apes  

-1 
I I WORK COMPLETED 

SPECIAL REPORTS WORK SCHEWLES 
SPECIAL-REQUESTS I 

I-- DATA ACCOUNTING I 

DATA INSPECTION I 
I 

QUALITY STANDARDS I 
DATA SAMPLES 

REPORTS I 
0-4007-62 

FIG. 5.1 NASA/GSFC PRODUCTION FLOW AND CONTROL CHART 
From Ref. 6, p. 44. 

conta in ing  raw PCM da ta  from t h e  a c q u i s i t i o n  ground s t a t i o n s  a r e  placed 

i n  t h e  analog t ape  l i b r a r y .  (These analog t apes  y i e l d  d i g i t a l  da t a  

a f t e r  processing and a r e  not  t o  be confused wi th  t h e  Special-Purpose 

d a t a  t apes  which a l s o  con ta in  analog d a t a . )  Tapes from shipments from 
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each s t a t i o n  a r e  eva lua ted ,  r a t e d ,  and re turned  t o  s to rage .  The analog 

PCM da ta  t a p e s  a r e  stored i n  the Cent ra l  Process ing  F a c i l i t y ,  GSFC, u n t i l  

t he  da t a  contained on them have been processed. One month a f t e r  t h e  

processed d a t a  have been r e l eased  t o  t h e  experimenters ,  t h e  PCM analog 

da ta  t a p e s  a r e  s e n t  t o  t h e  Federal  Archives f o r  dead s t o r a g e ,  The 

processing l i n e  conver t s  the analog d a t a  i n t o  d i g i t a l  da t a  f o r  d i g i t a l  

computer processing,  decodes t h e  t iming da ta ,  determines t h e i r  q u a l i t y ,  

and decodes spacec ra f t  commands. I n  d i g i t a l  format, t h e  PCM d a t a  

go through in te rmedia te  process ing ,  c o n s i s t i n g  of f i r s t - o r d e r  e d i t i n g ,  

q u a l i t y  c o n t r o l ,  and t i m e  co r rec t ion ,  using a d i g i t a l  computer. 

A b u f f e r  t a p e  i s  t h e  output  of t h i s  f i r s t  pass  of process ing .  

The b u f f e r  t apes  a r e  fed i n t o  an E d i t  Program t h a t  gene ra t e s  e d i t  

records .  The e d i t  t apes  con ta in  records  of da t a  i n  chronological  order ,  

r ega rd le s s  of rece iv ing  s t a t i o n  or missirlg d a t a .  The computer i n s e r t s  

frames of f i l l  da t a  i n  an e d i t  record t o  maintain format i n t e g r i t y  and 

time cons is tency .  When f i l l  da t a  have been i n s e r t e d ,  t h e  s t a t u s  f i e l d  

of t h e  appropr i a t e  frame is  f lagged .  The f i l l  da t a  word format i s  shown 

i n  Table  5.1. Qua l i ty  con t ro l ,  da t a ,  and t i m e  s t a t u s  f i e l d s  (Tables 

5.2, 5.3, and 5.4) a r e  a s soc ia t ed  with each frame of da ta ,  r ega rd le s s  

of whether t h e  d a t a  a r e  u s e f u l  or f i l l  d a t a .  

Table  5 .1  

DATA WORD FORMAT 

f Normal Data Word* I F i l l  Data Word" 1 

O I  
0 

I o  X 

* 
Two c h a r a c t e r s  p e r  word. 
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* 
Table 5.2 

QUALITY CONTROL STATUS FIELD 

9-10 

Representat ion f o r  F ie ld  F1, Q u a l i t y  Control  Status** 

To ta l  b i t  e r r o r s  i n  t h e  27-bit-frame sync word 

F i l l  da ta  

Beginning of a subcommutator sequence 

Real-time d a t a ,  1 kb/s 

Real-time d a t a ,  8 kb/s 

Real-time da ta ,  64 kb/s 

Command s t o r a g e  playback da ta  

Suspect da ta .  T h i s  f l a g  appears when t h e  b i t  e r r o r s  
i n  t h e  frame sync word a r e  2 3 .  

Corrected t i m e  

* 
Based on Ref. 6, page 63. 

'Bi t  12  is  t h e  most s i g n i f i c a n t  b i t ;  B i t  1 is  t h e  l e a s t  s i g n i f i c a n t  b i t .  

** 
Comput er-det  ermined . 

* 
Table 5.3 

DATA STATUS FIELD 

Lock mode; i n  frame sync 

e r r o r s  i n  frame sync exceeding to l e rance  

* 
Based on Ref. 6, page 65. 

'B i t  12  is  most s i g n i f i c a n t ;  B i t  1 is  l e a s t  s i g n i f i c a n t .  

** 
Data s t a t u s  f l a g s  a r e  a hardware func t ion  r a t h e r  than computer-determined, 
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I 

S t a t e  

1 

B i t  

1 

2 

1 + 10 

I f  9 

23. 3 

2 f  4 

5 

6 

5 +  7 

5 4 -  8 

6 f  7 

6 f  8 

11 

12 

1 

1 

1 

1 

1 

1 

1 

* 
Table 5.4 

TIME STATUS FIELD 

Representa t ion  f o r  F ie ld  F2, Time S t a t u s f  

BCD decoded time agrees  with t h e  
accumulating r e g i s t e r .  

BCD decoded t i m e  d i s a g r e s s  wi th  t h e  
accumulating r e g i s t e r .  

BCD decoded t i m e  agrees  with both t h e  accumulating 
r e g i s t e r  and S e r i a l  Decimal decoded t i m e .  The 
experimenter can have good confidence i n  t i m e  when 
t h e s e  f l a g s  appear .  

BCD decoded time agrees  with the  accumulating 
r e g i s t e r  but d i sag rees  with SD decoded time. 

BCD decoded t i m e  d i sag rees  wi th  t h e  accumulating 
r e g i s t e r  but agrees  wi th  SD decoded t i m e .  The ex- 
per imenter  should not  have confidence i n  t h i s  t i m e .  

BCD decoded time d i sag rees  with both t h e  accumu- 
l a t i n g  r e g i s t e r  and SD decoded t i m e .  The ex- 
per imenter  should not  have confidence i n  t h i s  t ime.  

SD decoded t i m e  agrees  wi th  accumulating r e g i s t e r .  

SD decoded t i m e  d i sag rees  wi th  accumulating r e g i s t e r  

SD decoded t i m e  agrees  wi th  accumulating r e g i s t e r  
but  not  with BCD decoded t ime.  

SD decoded t i m e  agrees  with both t h e  accumulating 
r e g i s t e r  and BCD decoded t i m e .  Again, t h e  ex- 
per imenter  can have good confidence i n  t i m e  when 
t h e s e  f l a g s  appear. 

SD decoded t i m e  d i sag rees  wi th  both the  accumulating 
r e g i s t e r  and BCD decoded t i m e .  The experimenter 
should not  have confidence i n  t h i s  time. 

SD decoded t i m e  d i sag rees  wi th  t h e  accumulating 
r e g i s t e r  but agrees  with BCD decoded t i m e .  

BCD t o  Binary Converter c i r c u i t  is i n  e r r o r .  The 
experimenter  should not  have confidence i n  t h i s  t ime 

Not used a t  p re sen t .  

* 
'Time s t a t u s  f l a g s  a r e  a hardware func t ion  r a t h e r  than computer-determined. 

Based on Ref. 6, p. 64. 

Experimenters should ignore  t h i s  f l a g ;  it does not  p e r t a i n  t o  t h e i r  da t a .  
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Time c o r r e c t i o n  is a major func t ion  of t h e  E d i t  Program; 

a d e s c r i p t i o n  of t h a t  program is reproduced here ( R e f .  6, page 70): 

(1) Real Time Data: 

Using se l ec t ed  tapes ,  ground s t a t i o n  t i m e  i s  cor rec ted  

t f  

t f  

f o r  t ransmiss ion  de lay  from t h e  s p a c e c r a f t  and t h e  
de lay  from WWV t o  t h e  s t a t i o n .  The h igh  r e s o l u t i o n  
po in t s  of t h e  updated spacec ra f t  clock a r e  then found, 
and t h e  corresponding times (GMT) a r e  then  assoc ia ted  
w i t h  them. The GMT and high r e s o l u t i o n  p o i n t s  a r e  
then  punched onto cards .  These cards  a r e  fed i n t o .  
another  program which performs one t o  n th  degree 
polynomial f i t s  on t h e  t i m e .  The r e s i d u a l s  of t h e  
f i t s  a r e  compared and the  b e s t  a r e  chosen. The co- 
e f f i c i e n t s  of t h e  f i ts  a r e  f e d  back i n t o  t h e  E d i t  
Program and a l l  t imes on a l l  t apes  over s p e c i f i e d  
i n t e r v a l s  a r e  co r rec t ed  based upon t h i s  c r i t e r i o n .  
Residuals  between computed t ime and the co r rec t ed  
ground time a r e  p r in t ed  t o  ob ta in  f u r t h e r  conf i -  
dence i n  the accuracy. 

" (2) Playback da ta  : 

The c o e f f i c i e n t s  of the f i t  p rev ious ly  chosen 
using real- t ime d a t a  over a s e l e c t e d  i n t e r v a l  of 
time a r e  input  t o  t h e  E d i t  Program when processing 
playback d a t a .  
with t h e  playback da ta  has no va lue ,  no r e s i d u a l s  
a r e  produced nor  o t h e r  comparisons made. 
puted from t h e  polynomial f i t  i s  appl ied  a f t e r  t h e  
h igh  r e s o l u t i o n  p o i n t s  of t h e  spacec ra f t  c lock a r e  
found, X f  f a r  some reason (e.$., no i se ) ,  no high 
r e s ~ l u t i ~ n  p o i n t s  oan be determined, t h e  da t a  w i l l  be 
processed by the Quick-Look Time Correc t ion  and 
Ref ormat Program. 

"Not@: 
i n  the E d i t  Program are used,  t he  tima of any p a r t i -  
aulsr frame i a  aeeura te  to 24 ms. X f  the  QUI=&- 
Look time aorreotion proeedurss  a r e  used, time i e  

5.2) aontaina a 13ag which, when lit ,  s i g n  
the time on the t a p e  has  been oomputed using the ex- 

Program 

t t  

Since ground s t a t i o n  time as soc ia t ed  

Time com- 

When t h e  time c o r r e c t i o n  procedures contained 

e t o  wl th in  1 sea. The s t a t u s  f i e l d  (Table 

%enwave time sarasectioa prscsdures o f  t h e  E d i $  
I t  



A f t e r  each e d i t  f i l e  has  been completed, ex tens ive  q u a l i t y  

con t ro l  checks a r e  made. I f  t h e  e d i t  f i l e  passes  a l l  t h e  tests, then  

t h e  da t a  i n  it a r e  ready f o r  decommutation. The decommutated da ta  a r e  

then  put  i n t o  a requested format f o r  the experimenter.  

Data may go from t h e  b u f f e r  t apes  d i r e c t l y  t o  decommutated 

When t h i s  is  done, da t a  t ape  without going through t h e  Ed i t  Program. 

t h e  r e s u l t i n g  da ta  a r e  t e r m e d  quick-look d i g i t a l  d a t a .  Since quick- 

look da ta  do not  undergo t h e  t i m e  co r rec t ion  and q u a l i t y  c o n t r o l  t h a t  

ed i t ed  da t a  do, they  must be used c a r e f u l l y .  They a r e  u s e f u l  f o r  de- 

bugging da ta  reduct ion  and a n a l y s i s  programs and f o r  a f i r s t  look a t  

important geophysical  phenomena (such a s  a s o l a r  f l a r e ) .  This  quick-look 

da ta  processing opera t ion  i s  not  t o  be confused with another  quick-look 

opera t ion  performed i n  t h e  OGO CC. Th i s  second quick-look opera t ion  

genera tes  s t r i p  c h a r t  records conta in ing  experiment da t a .  These da t a  

have usua l ly  been recorded i n  r e a l  t i m e  from a Rosman or Ulaska pass  

and a r e  used t o  determine whether t h e  experiment is  performing proper ly .  

The records can be hand-scaled t o  g e t  r e su l t s  f o r  quick a n a l y s i s .  

Each Experiment A-17 da ta  tape  conta ins  one or more f i l e s  of 

da t a ,  t o  a maximum of s i x .  Each f i l e  conta ins  an i d e n t i f y i n g  l a b e l  

record,  s eve ra l  experiment da t a  records,  and an end-of-f i le  marker. 

A l l  t h e  da t a  records  of a f i l e  con ta in  da t a  taken  a t  t h e  same space- 

c r a f t  da t a  b i t  r a t e .  Playback da ta  f i l e s  a r e  separa ted  from real-time 

da ta  f i l e s .  A f i l e  con ta ins  only one ground s t a t i o n  pass .  A change i n  

b i t  r a t e ,  spacec ra f t  equipment group, or spacec ra f t  format r e s u l t s  i n  a 

new f i l e .  Experiment A-17 da ta  a r e  on 1/2-inch-wide magnetic t a p e  

w r i t t e n  i n  b inary  mode (odd p a r i t y )  wi th  556 BPI. Each 9-bi t  telemetered 

word i s  represented by two 6 -b i t  cha rac t e r s ,  as shown i n  Table  5.1.  

Three zeros  precede t h e  f i r s t - ( 2  ), second-(2 ), and th i rd - (2  ) highes t -  

o rde r  b i t s  i n  t h e  f i r s t  cha rac t e r .  The 6 low-order b i t s  go i n  t h e  

second 6-b i t  cha rac t e r .  Each f i l e  is labe led  a s  shown i n  Table  5.5.  

Each da ta  record i s  i n  the format shown i n  Table  5 . 6 .  

8 7 6 
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Table 5 . 5  

EXPERIMENT A-17 LABEL RECORD FORMAT 

I d e n t i f i c a t i o n  

S a t e l l i t e  i d e n t i f i c a t i o n  
Example: 64021, 

where 64 = yea r  of launch 

1 = o b j e c t .  
02 = b e t a  

Year 

S t a t i o n  number--Example: 001 f o r  
Blossom Poin t  

Analog f i l e  number 

Analog t ape  number 

Buffer  f i l e  number 

Buffer  t ape  number 

Date of da t a  d i g i t i z a t i o n  (day of year)  

I d e n t i c a l  t o  Characters  1-33, un le s s  an 
e r r o r  was found i n  those  c h a r a c t e r s .  
I f  t h a t  is  t h e  case ,  t h i s  po r t ion  of 
t h e  record conta ins  t h e  cor rec ted  
va lues  of t h a t  f i e l d .  

Type of da t a  contained i n  f i l e :  
0 = 1 kb/s r e a l  time 
1 = 8 kb/s r e a l  t i m e  
2 = 64 kb/s r e a l  t i m e  
3 = command s to rage  playback 

\ 

S t a r t  t i m e  of da t a  Day of year  
Seconds of day 

Spares  

Master b inary  t a p e  number 

Master binary f i l e  number 

Blanks 

43 



'haracter 

1-2 

3-4 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

17-18 

19-20 

21-22 

23-24 

25-26 

27-28 

29-30 

31-36 + 36N 

37-42 + 36N 

13-48 + 36N 

43-44 

45-46 

47-48 

19-50 + 36N 

51-52 + 36N 

53-54 + 36N 

55-66 + 36N 

Table 5.6 

EXPERIMENT A-17 DATA RECORD FORMAT 
_____ 

_________ Identification 
_______ 
Day count of year (1-365) 

EP-5 temperature (E-17) 

Experiment mounting plate temperature (+Z door) (E-17) 

Load bus voltage (D-10) 

Special-Purpose telemetry power-forward (C-9) 

Special-Purpose telemetry power-reverse (C-10) 

Experiment subcommutation data 

RDHA case temperature 

F24 for EG-1. F32 for EG-2 

E= EG-2 
F25 F33 

In- 

flight 

callbrati 

F26 F34 

F27 F35 

F28 F36 

F29 F37 

F30 F38 

F31 F39 

Time field. milliseconds of day for first blt 
of Main Commutator Word 1 

Spacecraft accumulated time 

Three status fields Inkormation regarding the data 
contained in each frame 

Quality control status 

Time status 

Data status 

Data identification word 

B't It"" 
1-7 Subcommutator position 

8 Execute-relay state 

9 Cross strap 

Data identification word 
* 

B"t Item - 
1 Data type 

2-4 Mode 

5-9 Flexible format number 
+ 

Data identification word 

B't Item __ 
1 Data type 

2-4 Mode 

5-9 Flexible format number 

The difference between N and J lies in that 0 S N  e127 and 1 S 1 5128 

pat, being examined. 
Data not being examined. 
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5.1 .2  NASA/GFSC Orb i t  Format 

The a t t i t u d e - o r b i t  t a p e s  con ta in  t h e  o r b i t a l  parameters and 

the  s a t e l l i t e  a t t i t u d e  information.  These t apes  a r e  wri t ten i n  binary 

f loa t ing -po in t  format, with a 36-bit  f i e l d .  A f i l e  is  def ined a s  one 

revolu t ion ,  from one north-going geographic equator  c ros s ing  t o  t h e  n e x t .  

The per iod of time f o r  a s i n g l e  r evo lu t ion  of OGO-I is approximately 64 

hours. The first record of each f i l e  is  a l a b e l  record conta in ing  i n f o r -  

mation such a s  the  s t a r t  and end times of o r b i t ,  the  s t a r t  and end t imes 

of e c l i p s e ,  t h e  o r b i t  number, t h e  da t a  sampling r a t e ,  and t h e  t i m e  of 

p r e d i c t e d  noon t u r n .  The remaining o r b i t  da t a  records  of t h e  f i l e  g ive  

the  s a t e l l i t e  p o s i t i o n  and v e l o c i t y  i n  c e l e s t i a l  i n e r t i a l  coord ina tes ,  

t h e  a c t u a l  and i d e a l  main-body p o s i t i o n s ,  t h e  o rb i t a l -p l ane  experimental  

packages (OPEP) and s o l a r  a r r a y  o r i e n t a t i o n s ,  t h e  he igh t  above t h e  

e a r t h ,  t h e  magnetic and geographic coord ina tes  of t h e  s u b s a t e l l i t e  po in t ,  

t h e  t r u e  anomaly, and o t h e r  da t a .  These da t a  a r e  computed for 1-minute 

i n t e r v a l s  and w r i t t e n  on t h e  a t t i t u d e - o r b i t  t ape  for each r evo lu t ion  

of t h e  s a t e l l i t e .  The format f o r  t h e  a t t i t u d e - o r b i t  t apes  appears 

on Table  5 .7 .  
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- 

1 

> 
3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

18-99 

Table 5.7 

ATTITUDE-ORB11 TAPE FORMAT* 

A. Attitude-Orbit Label Record + - 
iymbo: 

ID 
- 

tEl 

tE2 

to1 

to2 

tn 

7 

At 

a 

e 

1 

R 

h 
W 

l i l  

T 

+ 

Function or 
Name 

Ident if icatior 

Start time 
of orbit 

Eclipse Start 

Eclipse end 

Orbit start 

Orhit end 

Noon turn 

Epoch 

Sampling rate 

Orbit number 

Semi-major 
axis 

Eccentricity 

Inclination 

Longitude of 
ascending 
node 

Argument of 
perigee 

Period 

Description, Notes 

Time of the ascending node, that point in the 
equatorial plane through which the satellite 
passes while going from south to north. See 
Fig. 5.2(a). 

End time of this orbit and start time of the 
next orbit, i.e., time of the next ascending 
node. See Fig. 5.2ca). 

Time of predicted noon turn. The paddles are 
able to rotate through only 180". When the 
paddles are looking straight up ('4 = 270")  or 
straight down (% = 90°) at the sun, the space- 
craft turns 180" about the body 2 axis, so the 
paddle may reverse its direction of rotation and 
still continue to follow the sun. See Data 
Record Word 121. 

Arbitrary reference time at which the orbital 
elements were computed 

The values in the data records are given at 
intervals of ta i At. 
pected to he 60,000 ms (1 min). 

Orbit 0 is from launch to the first ascending 
node. Orbit 1 starts at the first ascending 
node and ends at the second ascending node. 
The nth orhit starts at the nth ascending node 
See Fig. 5.2(a) 

Semi-major axis of the orbital ellipse (1 earth 
radius = 6371.2 km). See Fig 5.2(b) 

The value of At is ex- 

Eccentricity of the orbital ellipse. See Fig. 
5.2(b). 

Angle of the orbital plane and the earth's 
equatorial plane. See Fig. 5.2Cc). 

Angle between the Geocentric Equatorial Inertial 
(GEI) X axis (y) and the position vector of the 
ascending node. See Fig. 5.2Cd). 

Rate of change of La 

Perigee is that orbital point nearest the 
earth, w is the angle between the position 
vector of the ascending node and the position 
vector of perigee. See Fig. 5.2(a) 

Rate of change of w 

Time required to make one orhit 

Rate of change of T 

Spares 

__ Units 

None 

Year 
Month 
Day 

Day 
Millisecond 
of day 

Day 
Millisecond 
of day 

Day 
Millisecond 
of day 

Day 
Millisecond 
of day 

Day 
Millisecond 
of day 

Day 
Millisecond 
of day 

Milliseconds 

None 

Earth 
radii 

None 

Degrees 

Degrees 

Degrees/day 

Degrees 

Degreesiday 

Minutes 

Minutes/day 

*This table is based on pp. 81 through 97 of Ref. 6 .  

'Greenwich Mean Time is used whenever time appears in the table, unless otherwise noted. 
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- 
lord 

100 
- 

101 

102- 
104 

105- 
107 

108- 
116 

117- 
125 

126- 
134 

135- 
250 

rmhol 

r 
- 

i- 

A 

Ab 

R 1  

R 2  

R3 

Funct ion or 
Name 

;pin r a t e  

;E1 s p i n  a x i s  

Iody s p i n  a x i s  

'irst s p i n  
ma t r ix  

Second s p i n  
ma t r ix  

Phird s p i n  
ma t r ix  

Table  5.7 (cont inued)  
- 

i tude-Orbi t  Label Record (cont inued)  

Desc r ip t ion ,  Notes 

I f  t h e  s p a c e c r a f t  is sp inn ing  about a n  a x i s  
s t a h l l i z e d  wi th  r e s p e c t  t o  t h e  c r a f t ,  t h e  s p i n  
r a t e ,  r, is g iven  a s  a p o s i t i v e  number. 

Rate  of change of r 

A = (Ax, Ay, Az) is t h e  s p i n  a x i s  a s  a u n i t  
v e c t o r  i n  GEI coord ina te s  (GEIC). A is de-  
f i n e d  so t h e  s p i n  r a t e ,  r, is  p o s i t i v e  with 
r e s p e c t  t o  t h e  r ight-hand rule. 

Ab (Abx, Ahy, Abz) is t h e  s p i n  a x i s  a s  a u n i t  
v e c t o r  r ep resen ted  i n  body coord ina te s .  T h i s  
r e p r e s e n t a t i o n  w i l l  no t  change when t h e  s p i n  
a x i s  is s t a b i l i z e d  wi th  r e spec t  t o  t h e  space- 
c r a f t  . 
I n  each of R1,  R2, and R3, t h e  f i r s t  t h r e e  words 
c o n t a i n  t h e  va lues  i n  t h e  t o p  row of  t h e  ma t r ix ,  
t h e  second t h r e e  words those  i n  t h e  middle row. 
and t h e  l a s t  t h r e e  words those  i n  t h e  bottom 
row. 

L e t .  

where bXx through bZz a r e  def ined i n  Data Record 
Words 49-57, i . e . ,  hx, by, and hz a t  Ti, where 
T is  def ined i n  Word 1 of t h e  Data Record Le t  
EtT) be t h e  i n t e r p o l a t i o n  of b(T,) t o  t ime T 
with no c o r r e c t i o n  f o r  s p i n .  Then 

E(T) = E(T) RL + L(T) RZ s i n  u (T) 

+ bfT) R2 cos 0 (TI 

= E(T) I R 1  + R2 s i n  U (T) + R3 

cos u TI , 
where b(T) d e f i n e s  t h e  body coord ina te  axes 1s 
GEIC,  a s  in b(T ), and u(T) is t h e  ang le  from 
t h e  s p i n  vectoriA(Ti) = (Ax, Ay, Az) a t  t ime Ti 
t o  s p i n  v e c t o r  ACT) a t  t ime T. 

Spares  

Un i t s  

legrees/  
second 

>egrees/  
second /d ay 

ione 

ione 

lone 

lone 

lone 

a 
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P 

- 
Word 

1 

2 

- 

3 
4 
5 

6 

7 

8-10 

11-13 

14-16 

17 

18 

1 9  

20 

21 

22-24 

25-27 

28-30 

31-33 

34-36 

37-39 

40-42 

43-4: 

46-4s 

49-51 

52-5i 

55-5: 

I 

Table 5 . 7  (cont inued)  

-___-- 
B. Attciude-Orbi t  Data Record - 

ymbol 

T1 
- 

TL 

a! 

6 

P 

V 

S 

'p 

A 

h 

V 

I 

bXI 

bYI 

bZI 

PXI 

PYI 

PZ I 

EX1 

EYI 

EZI 

hX 

hY 

hZ 

- 

Funct ion or 
Name 

r i m e  

,oca1 t ime 

b g h t  
a scens ion  

I e c l i n a t  i on  

' o s i t i o n  
v e c t o r  

i re loci ty  
v e c t o r  

s o l a r  v e c t o r  

,a t  I t u d e  

,ongi t ude 

i e i g h t  

r r u e  anomaly 

iun-ear th-  
s a t e l l i t e  
ang le  

I d e a l  body 
r o l l  a x i s  

I d e a l  body 
p i t c h  a x i s  

I d e a l  body 
yaw a x i s  

I d e a l  paddle  
roll  a x i s  

I d e a l  paddle  
p i t c h  a x i s  

I d e a l  paddle  
yaw a x i s  

OPEP i d e a l  
roll  a x i s  

OPEP i d e a l  
p i t c h  a x i s  

OPEP i d e a l  
yaw a x i s  

Actual  body 
ro l l  a x i s  

Actual  body 
p i t c h  a x i s  

Actual  body 
yaw a x i s  

Desc r ip t ion ,  Notes 

Day count 

A l l  da t a  i n  t h i s  record correspond t o  T1. 

Local  Apparent S o l a r  Time of s u b s a t e l l i t e  p o i n t  

Angle from t h e  f i r s t  p o i n t  of Aries ( y )  t o  t h e  
e q u a t o r i a l  p l ane  p r o j e c t i o n  of t h e  s p a c e c r a f t  
p o s i t i o n  v e c t o r .  See  F i g .  5 . 2 ( e ) .  

Angle from t h e  e q u a t o r i a l  p l ane  p r o j e c t i o n  of 
t h e  s p a c e c r a f t  p o s i t i o n  v e c t o r  t o  t h e  s p a c e c r a f t  
p o s i t i o n  v e c t o r .  See F i g .  5 . 2 ( e ) .  

P = (Px, Py, Pz) i s  t h e  p o s i t i o n  v e c t o r  of t h e  
s p a c e c r a f t  an GEIC. See F ig .  5 . 2 ( e ) .  

V = (Vx, Vy, Vz) is  t h e  d i r e c t i o n  and magnitude 
of t h e  s p a c e c r a f t  v e l o c i t y  i n  GEIC. See F ig .  
5 . 2 ( e ) .  

S = (Sx, Sy, S z )  is t h e  p o s i t i o n  v e c t o r  of t h e  
sun i n  GEIC.  

Geodet ic  l a t i t u d e  of s u b s a t e l l i t e  p o i n t  on t h e  
sphe ro id .  North IS +, South is -. The 
I n t e r n a t i o n a l  Spheroid IS used. 

a = semi-major a x i s  = 6378.388 km, f = 
f l a t t e n i n g  = 297 = a la -h .  

Geodet ic  l ong i tude  of s u b s a t e l l i t e  po in t  on t h e  
sphe ro id .  Eas t  is  +. West 1s -. 
Height of s a t e l l i t e  above l h e  sbpe ro id .  See 
F i g .  5 . 2 ( e ) .  

O r b i t a l  c e n t r a l  ang le  between pe r igee  and 
s a t e l l i t e  with e a r t h  a s  focus .  See F ig .  5 . 2 ( b ) .  

Angle between t h e  S a t e l l i t e  p o s i t i o n  v e c t o r  and 
t h e  sun p o s i t i o n  v e c t o r  

bXI = (bXIx, bXIy, bXIz) is  t h e  i d e a l  body X 
a x i s .  * 
bYI = (hYIx, bYIy, bXIz) is t h e  i d e a l  body Y 
a x i s .  

bZI = (bZIx, bZIy, bZIzi  is  t h e  i d e a l  body Z 
axis.* 

PXI = (PXIx, PXIy, PXIz) is t h e  paddle  X ax i s .*  

* 
PYI = (PYIx, PYIy, PYIz) is t h e  padd le  Y a x i s .  

* 
PZI = (PZIx, PZIy, PZIz) is  t h e  paddle  Z a x i s .  

EX1 = (EXIx, EXIy, EXIz) is  t h e  OPEP X ax i s .*  

EYI = (EYIx, EYIy, EYIz) is t h e  OPEP Y ax i s .*  

* 
EZI = (EXIx, n I y ,  EZIz) is t h e  OPEP Z a x i s .  

* 
bX = (bXx, bxy, hXz) is t h e  body X a x i s .  

* 
hY = (bYx, bYy, bYz) is t h e  body Y ax i s .  

* 
hZ = (bZx, hZy, bZz) is t h e  body Z a x i s .  

Un i t s  -____ 
Day.. 

Mil l iseconds 
of day 

Hours 
Minutes 
Tenths  of 

minutes  

Degrees 

Degrees 

Kilometers  

Kilometers /  
second 

Kilometers  

Degrees 

Degrees 

K 1 lomet e r s  

Degrees 

Degrees 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

*AS a u n i t  v e c t o r  i n  GEIC. 
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- 
& 
58-60 

31-68 

54-66 

3 - 6 9  

70-72 

73-75 

76 

77 

78 

79 

80 

81  

82 

83 

84 

85-85 

88-9( 

91-9: 

99-91 

- 

__ 
ymhol 

PX 
- 

PY 

PZ 

EX 

EY 

EZ 

R 

P 

L 

B 

B/Bc 

TI 

X I  

IPF: 

LE 

B 

Bh 

BP 

BE 

- 

B. 
Funct ion or 

Name 

3c tua l  paddl  
r o l l  a x i s  

i c t u a l  paddl  
p i t c h  a x i s  

i c t u a l  paddl  
yaw a x i s  

i c t u a l  OPEP 
r o l l  a x i s  

i c t u a l  OPEP 
p i t c h  a x i s  

i c t u a l  OPEP 
yaw a x i s  

dagne t i c 
range 

l lagnet ic  
l a t i t u d e  

dcI l lwain 
parameter  

Tield 
s t r e n g t h  

t a t i o  

Ingress  
l a t i t u d e  

Ing res s  
long i tude  

Egress 
l a t i t u d e  

Egress  
long i tude  

B v e c t o r  

B body 

B padd le  

B OPEP 

Table  5 .7  (cont inued)  

t t i t u d e - O r h i t  Data Record (cont inued)  

Desc r ip t ion ,  Notes 

PX = (PXx, PXy, PXn) is t h e  paddle  X ax i s .*  

PY = (PYX, PYy, PYz) is t h e  paddle  Y ax i s .*  

PZ = (PZx, PZy, PZz) is  t h e  paddle  Z ax i s .*  

EX = (EXx, EXy, EXz) is t h e  OPEP X a x i s . *  

* 
EY = (EYx, EYy, EYz) is t h e  OPEP Y a x i s .  

EZ = (EZx, EZy, EZz) is t h e  OPEP Z ax i s .*  

R = L cos2 (p), where L is t h e  McIlwain para-  
me te r  of t h e  magnetic s h e l l  con ta in ing  t h e  
s p a c e c r a f t ,  and p is t h e  magnetic l a t i t u d e  of 
t h e  s p a c e c r a f t .  Note t h a t  R is analogous t o ,  
h u t  no t  equal  t o ,  ( P I ,  t h e  magnitude of t h e  
p o s i t i o n  v e c t o r .  

L a t i t u d e  of t h e  s p a c e c r a f t  i n  geomagnetic co- 
o r d i n a t e s .  A t  t h e  magnetic equa to r ,  t@~ = 0.  
See F ig .  5 . 2 ( f ) ,  f o r  r e l a t i o n s h i p  hetween L and 
and R.  

A megnetic s h e l l  parameter  t h a t  is almost 
cons t an t  a long l i n e s  of f o r c e ,  L is used t o  l a b e  
each s h e l l .  Note t h a t  i n  t h e  i d e a l  c a s e  (d ipo le  
f i e l d )  L is t h e  magnitude of t h e  p o s i t i o n  vec to r  
on t h e  magnetic equa to r  of t h e  l i n e  of f o r c e .  
See F ig .  5 . 2 ( f ) .  

Magnitude of magnetic f i e l d  s t r e n g t h  a t  t h e  
s p a c e c r a f t .  See F ig .  5 . 2 ( a ) .  

B is defined above. B is t h e  e q u a t o r i a l  f l s l d  
s t r e n g t h  of t h e  she1l .O See F ig .  5 . 2 ( f ) .  

L a t i t u d e  of t h e  po in t  on t h e  4u r face  of t h e  
e a r t h  a t  which t h e  magnet ic  l i n e  of f o r c e  
pas s ing  through t h e  s p a c e c r a f t  e n t e r s  t h e  e a r t h .  
See F ig .  5 .2Cf ) .  

Longitude of  t h e  po in t  on t h e  s u r f a c e  of t h e  
e a r t h  a t  which t h e  magnetic l i n e  of f o r c e  
pas s ing  through t h e  s p a c e c r a f t  e n t e r s  t h e  e a r t h .  
See  F ig .  5 . 2 ( f ) .  

L a t i t u d e  of t h e  po in t  on t h e  s u r f a c e  of t h e  
e a r t h  a t  which t h e  magnet ic  l i n e  of f o r c e  
pas s ing  through t h e  s p a c e c r a f t  l e a v e s  t h e  e a r t h .  
See  F ig .  5 . 2 ( f ) .  

Longi tude of t h e  p o i n t  on t h e  s u r f a c e  of t h e  
e a r t h  a t  which t h e  magnetic l i n e  of f o r c e  
pas s ing  through t h e  s p a c e c r a f t  l e a v e s  t h e  e a r t h ,  
See F ig .  5 . 2 ( f l .  

B = (Bx, By, Bz) 1s t h e  direction Of t h e  
magnetic l i n e  of f a r c e  expressed a s  a u n i t  
v e c t o r  in  GEIC.  

Bh = (Bhx, Bhy, Bhz) is t h e  u n i t  d i r e c t i o n  
v e c t o r ,  B, expressed i n  t h e  body coord ina te  
system. 

BP = (BPx, BPy, BPz) is t h e  u n i t  d i r e c t i o n  
vec to r ,  8, expressed i n  t h e  paddle coord ina te  
system. 

BE = (BEE, BEY, BEz) is t h e  u n i t  d i r e c t i o n  
v e c t o r ,  B, expressed i n  t h e  OPEP c o o r d i n a t e  
system. 

Un i t s  

None 

None 

None 

None 

None 

None 

Ea r th  r a d i i  

Degrees 

Ea r th  r a d i i  

Gamma 

None 

Degrees 

Degrees 

Degrees 

Degrees 

None 

None 

None 

None 

*AS a u n i t  v e c t o r  i n  GEIC, 
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--____ 
B. 

Funct ion  o r  
____ 

!oror 
97-9: 

100- 
108 

109- 
117  

11s- 
120 

1 2 1  

122 

123 

124 

125 

126 

127- 
250 

ymhol 
I_ 

B ~ G  

TGSE 

TGSM 

A 

P 

4E 

None 

None 

None 

T2 

Name 

$2 g e o d e t i c  

B E  t r a n s -  
format  i o n  

:SM t r a n s -  
format  ion  

:E1 s p i n  ax1  

'addle a n g l e  

)PEP a n g l e  

i t t i t u d e  d a t  
f l a g  

10 DATA f l a g  

SUSPECT DATA 
f l a g  

r i m e  

Tablc  J.7 (continued) 

D e s c r i p t i o u ,  Notes 

BkG IS t h e  product  of t h e  f i e l d  s t r e n g t h ,  B, 
times t h e  u n i t  v e c t o r ,  

k~ = (&E, ~ G N ,  BGV), 
where (&E, BGN, BGV) is  t h e  u n i t  v e c t o r ,  B, ex- 
pressed  i n  g e o d e t i c  c o o r d i n a t e s .  Note t h a t  t h i s  
is  a le f t -handed  system, n o t  a right-handed one. 

The t r a n s f o r m a t i o n  m a t r i x  t h a t  changes t h e  GEI 
r e p r e s e n t a t i o n  of a v e c t o r  to  GSE (Geocent r ic  
S o l a r  E c l i p t i c )  r e p r e s e n t a t i o n .  The v e c t o r  re- 
mains f i x e d .  Words 100, 101, and 102  c o n t a i n  
t h e  v a l u e s  f o r  t h e  t o p  row of t h e  m a t r i x ,  Words 
103, 104, and 105  t h o s e  f o r  t h e  middle row, and 
Words 106, 107, and 108 t h o s e  f o r  t h e  bottom row 
Any v e c t o r ,  v ,  in GEIC i s  t ransformed hy t h e  
re l a  t i on 

GEI 
VGsE = (matrix) V 

= TGSE VGEI 

The t r a n s f o r m a t i o n  m a t r i x  t h a t  changes t h e  GEIC 
r e p r e s e n t a t i o n  of a v e c t o r  i r !  G\V (Geocent r ic  
S o l a r  Magnetic) r e p r e s e n r J t l o n .  The v e c t o r  re- 
mains f i x e d .  Words 109, Ll0, and 111 c o n t a i n  
t h e  t o p  row of t h e  m.ili 
114 t h e  middle row.   nil 
t h e  bottom row 

A = (Ax,  A y ,  Az)  is  t h i  u n i t  s p i n  a x i s  i n  GEIC. 

The paddle  s h a f t  a n g l e  is .pP = 90' when t h e  
paddle  is looking  i n  t h e  d i r e c t i o n  01 t h e  hody 
+Z a x i s  (toward e a r t h ) .  , - 180" when t h e  
paddle  15 looking  i n  t h e j l o i y  -Y a x i s  d i r e c t i o n  
(away from t h e  OPEP), and ++ = 270" when t h e  
paddle  IS looking  i n  t h e  liody -2 a x i s  d i r e c t i o n  
(away from t h e  e a r t h ) .  Movement of t h e  oaddle  
IS r e s t r i c t e d  such  t h a t  90 < 'p i 180" 

The OPEP s h a f t  a n g l e  15 1E = 0 when t h e  OPEP is 
looking  i n  t h e  hody +X ax15 d i r e c t i o n  (away from 
t h e  s p a c e c r a f t ) ,  $E = 90" when t h e  OPEP is 
looking  i n  t h e  hody +Y a x i s  d i r e c t i o n  (away from 
t h e  s p a c e c r a f t ) .  and $E = 270' when t h e  OPEP is 
looking  i n  t h e  hody -Y a x i s  d i r e c t i o n  (over  t h e  
s p a c e c r a f t ) .  The OPEP can r o t a t e  through more 
than  3609 

F l a g  ass igned  t h e  I l o a t i n g  p o i n t  v a l u e  -1.0 I €  
any housekeeping d iscrepancy  is d e t e c t e d  

A v a l u e  of Zk or any combination of  Zkl ,  2" . ., 
Zk5 i n  t h e  NO DATA f l a g  s i g n i f i e s  t h a t  t h e  d a t a  
i n d i c a t e d  were n o t  a v a i l a b l e .  The i d e a l  v a l u e  
1s used when t h e  a c t u a l  v a l u e  is  not  a v a i l a b l e .  
The fo l lowing  t a b l e  i s  used i n  \Vords 124 and 
125. 

B i t  Value Data Word 

20 Rol l  

2 l  P i t c h  

22 Yaw 

z3 $E (OPEP s h a f t  angle)  

z4 rpp (Paddle s h a f t  angle)  

z5 Array e r r o r  

(Note t h a t  Word 124 is a f l o a t i n g - p o i n t  word.) 

F l a g  warning t h a t  t h e  i n d i c a t e d  d a t a  a r e  douht- 
f u l .  The x n d i c a t i o n s  a r e  t h e  same as for  Word 
124. 

T2 = T1 + A t  

Same a s  Words 2-125, except  t h a t  t i m e  T2 is  used 
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lone 

lone 

ione 

legrees 

lone 

lone 

jays 

iee words 
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V = VELOCITY VECTOR 
I / =  TRUE ANOMALY 
w -  ARGUMENT OF PERIGEE 

D - 4 0 0 7 - 6 4  

PERIGEE 

J- - e = I - b /a - ECCENTRICITY 
a = SEMI-MAJOR AXIS 

P = POSITION VECTOR 
V = VELOCITY VECTOR 
u = TRUE ANOMALY 
h = HEIGHT OF SATELLITE 

b = SEMI - MINOR AXIS 

D - 4007-65 

FIG. 5.2 GEOMETRY AND COORDINATE SYSTEMS FOR OGO-I ORBIT 

5 1  
(a) Adapted from Ref. 6, p. 100 (b) Adapted from Ref. 6, p. 98 



ASCENDING AND DESCENDING NODES 

\ 

EQUATORIAL PLANE 
(SIDE VIEW) 

EARTH ‘U 
i = ANGLE OF INCLINATION 

0-4007-66 

( C )  

TE 

i = INCLINATION 

fi = LONGITUDE OF 
ASCENDING NODE 

THE X-Y PLANE IS THE EQUATORIAL PLANE 

NOTE THAT R IS FIXED FOR ANY GIVEN ORBIT 
(GEI COORDINATES) 0-4007-67 

( d )  

FIG. 5.2 GEOMETRY AND COORDINATE SYSTEMS FOR OGO-I ORBIT 
(c )  Adapted from Ref. 6, p. 99 (d) Adapted from Ref. 6, p. 101 
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r p =  
h =  

6 =  
a =  

(N) 
Z 

GEOD ET1 C LATITUDE 
GEODETIC LONGITUDE 
RIGHT ASCENSION 
DECLINATION 

I \  

Y OF MOTION D-4007-68 

NOTE THAT ct IS MEASURED FROM THE FIRST POINT ARIES (T) 
WHICH 15 FIXER, AND h IS MEASURED FROM GREENWICH WHICH 
SPINS WITH THE EARTH. 

( e )  

F,IG,5,2 GEOMETRY AND COORDINATE SYSTEMS FOR OG8-1 ORBIT 
(e) Adapted frcam Ref, 6, p. 102 



CPm = MAGNETIC LATITUDE 
(VI, AI) = GEODETIC LATITUDE 

AND LONGITUDE OF 
INGRESS 

@E, AE) = GEODETIC LATITUDE 
AND LONGITUDE OF 
EGRESS 

L = McILLWAIN PARAMETER 
B = FIELD STRENGTH 

D-4007-63 

( f )  

FIG. 5.2 GEOMETRY AND COORDINATE SYSTEMS FOR OGO-I ORBIT 
p. 103 (f) Adapted from Ref. 6, 
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5.1.3 Experiment A-17 - Commands 

The func t ions  of t h e  OGO-I s p a c e c r a f t ,  a s  w e l l  a s  t h e  opera t ions  

of t h e  experiments a r e  d i r e c t e d  by ground s t a t i o n  commands. Experiment 

A-17 uses  two power commands and f o u r  impulse commands. 

command was used e a r l y  i n  t h e  f l i g h t  t o  deploy t h e  antenna. The i m -  

pu lse  commands (IC) a l l o c a t e d  t o  Experiment A-17 a r e  I C  16  through I C  20. 

The two power commands (PC) a r e  PC 4 0  on and 40 o f f .  A l l  commands a r e  

t r ansmi t t ed  t o  t h e  s a t e l l i t e  i n  o c t a l .  The commands f o r  Experiment A-17, 

t h e i r  func t ions ,  and t h e i r  o c t a l  r ep resen ta t ion  a r e  a s  fol lows:  

An a d d i t i o n a l  

I C  

’ 16 

17  

18 

19  

20 

PC 

40 

40 

L 

- 

Funct ion 

Sweeping mode, broadband of f  

Sweeping mode, broadband on 

Fixed-frequency mode, s t e p  by 1 

Fixed-f requency mode, s t e p  by 8 

Antenna deployment 

Turn experiment on 

Turn experiment off  

Octa l  Representat ion 

173 

1 1 4  

134 

154 

153 

253 

27 3 

The commands s e n t  t o  t h e  s a t e l l i t e  a r e  logged i n t o  r evo lu t ion  

r e p o r t s ;  each r epor t  l i s ts  t h e  sequence of commands t ransmi t ted  during 

one r evo lu t ion ;  it inc ludes  t h e  da t e ,  t i m e ,  and s t a t i o n  from which t h e  

command was t r ansmi t t ed ,  o c t a l  i d e n t i f i c a t i o n ,  a d e s c r i p t i o n  of t h e  

command, and any remarks about t h e  command t ransmiss ion  or v e r i f i c a t i o n .  

The r evo lu t ion  r e p o r t s  a r e  t h e  primary source  of command information. 

I n  add i t ion  t o  the  r evo lu t ion  r e p o r t s ,  punched IBM cards  a r e  generated 

by GSFC from t h e  o r i g i n a l  d a t a  t apes .  The command card format is a 

s tandard  80-column card format and has  t h r e e  major s e c t i o n s  (see Fig .  

5.3) .  The first s e c t i o n  g i v e s  t h e  s a t e l l i t e  i d e n t i f i c a t i o n ,  year  d a t a  

were recorded, s t a t i o n  number, and analog t ape  number. The second 

s e c t i o n  g i v e s  t h e  day count and t h e  hour, minute, second, and milli- 

second of t h e  day t h a t  t h e  command was s e n t .  The t h i r d  s e c t i o n  g ives  

t h e  o c t a l  address  and t h e  o c t a l  l o c a t i o n  of t h e  command. 
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Satellite 
~ l e  ~ 

I 
Year of Recording 

Station Number 

Analog Tape Number 

14 14 

I 

Hour 1 %  
n 
0 
F 
5 

Blank Z 
0 

Second 

Millisecond of Day 

Y I 

0 

Comments 

F IG.5 .3  COMMAND CARD FORMAT 
From Ref. 6, p. 119. 
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5 .2  SRI D i g i t a l  Data Process ing  System 

5 .2 .1  Inpu t s  

A f t e r  t h e  PCM te lemet ry  s i g n a l  t ransmi t ted  from OGO-I is 

received a t  t h e  da t a  a c q u i s i t i o n  s t a t i o n s ,  it i s  demodulated and re- 

corded on magnetic tape ,  along with t iming and command information.  

These t apes  a r e  then  s e n t  t o  t h e  Data Processing Branch of GSFC f o r  

f u r t h e r  process ing  and ind iv idua l  experiment decommutation and d i s t r i -  

but ion,  a s  mentioned i n  t h e  previous s e c t i o n .  

The Data Processing Branch a t  GSFC i s  respons ib le  for t h e  

prel iminary process ing  of t h e  experimental  da t a  from Experiment A-17 

up t o  and inc luding  decommutation and p repa ra t ion  of a t t i t u d e - o r b i t  

t apes  and command ca rds .  The p r o j e c t  opera t ions  personnel  a t  GSFC 

prepare opera t ions  summaries f o r  d i s t r i b u t i o n  t o  t h e  experimenters.  

D i g i t a l  da t a  processing r e s p o n s i b i l i t y  beyond t h i s  po in t  has  been 

delegated t o  SRI by SU.  

pu ts  t o  i t s  da ta  processing s y s t e m :  da t a  t apes ,  a t t i t u d e - o r b i t  t apes ,  

command cards ,  opera t ion  summaries, s t r i p  cha r t s ,  and an o r b i t  ephemeris. 

The da ta  t a p e s  a r e  of three v a r i e t i e s :  real- t ime,  s to red ,  or quick- 

look. 

I n  a l l ,  NASA/GSFC provides  SRI with s i x  in-  

The experimental  d a t a  t apes  s e n t  t o  SRI by NASA/GSFC a r e  accom- 

panied by a t ape  log  shee t  with t h e  fol lowing information: 

(1) The ground s t a t i o n  where t h e  d a t a  were acquired 

(2) The e d i t  t ape  number 

(3) A f i l e  number 

(4) The decommutation run number 

(5) The d a t e  of recording 

(6) The s t a r t  and s top  t i m e  of each da ta  f i l e  

(7) The number of f i l e s  f o r  each t ape  i n  t h e  run.  

The l o g  s h e e t s  t h a t  accompany t h e  a t t i t u d e - o r b i t  t a p e s  g ive  t h e  name 

and number of revolu t ions  covered on each t ape .  
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Every d a t a  or a t t i t u d e - o r b i t  t ape  received by S R I  o r  gener . ted  

i n  t h e  Experiment A-17 d a t a  processing system i s  logged on a tape ,  c h a r t ,  

o r  f i l m  l og  s h e e t  (shown i n  F ig .  5.4) and then placed i n  a s to rage  

l i b r a r y  t o  await  t h e  next s t e p  i n  i t s  processing.  

LOG SHEET 

1. D. 06-0 I- 
TYPE - ORBIT TAPE fl REAL TIME TAPE /-/ STORED TIME TAPE - /T 

CARD-ORBIT TAPE E 
COMPACT DATA TAPE fl? 
PLOT TAPE /1 

TIME ORDERED DATA TAPE fl? 
DISPLAY FILM /r 
DISPLAY TAPE /? 

~ 

- 

ORBIT PLOT /T - 

SERIAL NO. R- 190 
DATE RECEIVED 

REVOLUTION NO. 

3 ,/ 9 4 5 

DATA - START 

END 

COMMENTS: . LOCATION CUSTODIAN DATE 

D - 4007 - 6 9 

FIG. 5.4 EXAMPLE OF SRI TAPE LOG SHEET 

Agiwarn telegrams, ESSA b u l l e t i n s ,  and o t h e r  n o t i c e s  of 

geophysical events  a r e  used t o  provide card inpu t s  t o  t h e  Experiment 

A-17 da ta  processing system. Geophysical event  cgrds  a r e  punched 

showing t h e  occurrence of s o l a r  f l a r e s ,  d a i l y  sunspot counts,  3-hours 

magnetic-K indexes, d i u r n a l  f l u x  measurements a t  discrete f requencies ,  

and events  a s soc ia t ed  with VLF measurements. 
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I 

The processing of t h e  d i g i t a l  experimental  and a t t i t u d e -  

o rb i t  d a t a  from OGO-I i s  accomplished by a four-pass computer processing 

system. The f i r s t  t h r e e  phases a r e  processed on t h e  Burroughs B-5500 

computer and t h e  f i n a l  phase on t h e  Control  Data Corporation (CDC) 

160-A computer. The d e s c r i p t i o n  t h a t  fol lows inc ludes  inpu t s  and out-  

pu ts ,  t h e  program design,  t h e  on- l ine /of f - l ine  p r i n t e r  outputs ,  t h e  

opera t iona l  procedures,  and t h e  a p p l i c a t i o n  of t h e  inpu t s  and outputs  

t o  t h e  t o t a l  experiment d a t a  reduct ion  and processing.  

5.2.2 Phase I Processing 

The f i r s t  phase on t h e  B-5500 i s  t h e  processing of a t t i t u d e -  

o r b i t  magnetic t ape  d a t a  a long with a s soc ia t ed  command and geophysical  

event cards .  The system block diagram of Phase I is shown i n  Fig.  5.5. 

The inpu t s  and outputs  of t h e  f i r s t  phase a r e :  

Inpu t s  ou tput  s 

(1) At t i t ude -o rb i t  t a p e  (1) Col la ted  card-orb i t  t a p e  

(2) Command ca rds  (2) O r b i t a l  ephemeris 

(3) Geophysical event  cards  (3) Cal-Comp o r b i t a l  p l o t  

(CAOR) 

t ape  (opt iona l )  

The input  a t t i t u d e - o r b i t  t apes  a r e  m u l t i - f i l e  compilat ions of 

a t t i t u d e  and o r b i t a l  parameters.  The format f o r  t h e  a t t i t u d e - o r b i t  

t apes  has  been given i n  t h e  previous s e c t i o n  ( see  Table  5 .7) .  Each 

f i l e  con ta ins  information on a s i n g l e  r evo lu t ion  of t h e  s a t e l l i t e  

around t h e  e a r t h ,  A t t i t ude -o rb i t  f i l e s  a r e  separa ted  by end-of-f i le  

markers. The a t t i t u d e  and o r b i t a l  parameters a r e  g iven  a t  1-minute 

increments throughout t h e  e n t i r e  revolu t ion .  There a r e  usua l ly  one 

t o  f o u r  f i l e s  p e r  o r b i t  t ape ,  with approximately 3840 complete records 

p e r  f i l e .  

The command ca rds  from NASA or ca rds  key-punched by SRI 

personnel from opera t ions  information a r e  in t eg ra t ed  with t h e  geophysical  

event  ca rds  i n t o  t h e  time-ordered deck which i s  used a s  an input  t o  t h e  

f i r s t  computer phase. Th i s  i n t eg ra t ed  card deck covers  t h e  exact  t i m e  

span of t h e  corresponding a t t i t u d e - o r b i t  information.  

59 

J 



Another aspec t  of t h e  CAOR rou t ine  is t h e  frequency of da t a  

s e l e c t i o n  from t h e  a t t i t u d e - o r b i t  t ape .  Since t h e  o r b i t  of OGO-I i s  

h ighly  eccentric, t h e  s a t e l l i t e  v e l o c i t y  v a r i e s  over an ex tens ive  

range from approximately 10  km/s a t  per igee  t o  approximately 0.5 km/s 

a t  apogee. Therefore  it i s  not  necessary t o  inc lude  a l l  t h e  a v a i l a b l e  

1-minute a t t i t u d e - o r b i t  da t a  computations on t h e  CAOR t ape  when t h e  

s a t e l l i t e  i s  t r a v e l i n g  a t  i t s  slower speeds. 

da ta  a r e  selected from t h e  a t t i t u d e - o r b i t  t a p e  is determined by t h e  

t o t a l  v e l o c i t y  of t h e  s a t e l l i t e .  

a r e  given i n  Table  5.8. 

The sampling r a t e  a t  which 

The r a t e s  a t  which da ta  a r e  sampled 

Table 5.8 

ORBIT DATA-SAMPLING RATE VERSUS SATELLITE VELOCITY 

Orb i t  Data-Sampling Rate 
(min) 

1 

2 

4 

8 

16  

32 

Sat  e l  1 i t e  Veloc i ty  
(km/s) 

27 .OO 

5.00 -f 6.99 

3.00 -f 4.99 

2.00 3 2.99 

1 .00  -f 1.99 

20.99 

The CAOR tape ,  which is  a permanent l i b r a r y  tape,  is t h e  

primary source  of a t t i t u d e - o r b i t  and card information f o r  each revolu- 

t i o n .  I t  is an input  t ape  i n  t h e  third-phase computer processing;  then 

t h e  parameters on it a r e  merged with t h e  a s soc ia t ed  time-ordered exper i -  

mental da ta  records.  

The second output  of t h e  f i r s t  phase is t h e  CAOR ephemeris. 

The ephemeris p r i n t s  out ,  on l i n e ,  each da ta  record of t h e  CAOR tape ,  

along with t h e  commands f o r  Experiments A - 1 7  and A-14 .  The parameters 
* 

* 
Experiment A-14 has  been found t o  i n t e r f e r e  with our experiment. 
is  t h e r e f o r e  necessary t o  f l a g  t h e  t i m e s  when it is opera t ing .  

I t  
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F I R S T  COMPUTER PHASE 

ORB1 T ORBIT TAPE 
NASA DATA 

PROC ESSING CENTER 

I I 

n 
CAL- CO M P 

ORBIT PLOT 

1 

COMPUTER 

T H I R D  COMPUTER PHASE 

Q 
COMPUTER 



SECOND C O M P U T E R  PHASE 

+ 

B - 5500 
COMPUTER 

T O D  
W OUlCK-LOOK 

EPH EM E R I S 

------I 

STORED-TIME 
DATA TAPE 

@ 

h 

CDC-I60A 

COMPUTE R 16mm CAMERA - 

T O O  ) 4 T O ; F I  ( TAPE 

-I- ~1 LIBRARY 

F O U R T H  C O M P U T E R  PHASE 

~, 
L I BRARY 

D-5915- IR 

FIG. 5.5 SRI OGO-I DIGITAL 

DATA-PROCESSING SYSTEM 



’ selected from t h e  NASA o r b i t  t apes  and s to red  on t h e  CAOR t apes ,  a s  w e l l  

a s  a l l  t h e  geophysical  event  information f o r  each r evo lu t ion ,  a r e  a l s o  

included i n  t h e  ephemeris p r i n t o u t ,  The columns, da t a  forms, l a b e l s  

and func t ions  f o r  t h e  ephemeris format appear on Table  5.9. An example 

of t h e  ephemeris p r i n t o u t  appears a s  Fig.  5.6. 

An op t iona l  t h i r d  output  from t h e  f i r s t  phase is  a CAOR Cal- 

Comp p l o t  tape .  The fol lowing selected a t t i t u d e - o r b i t  parameters a r e  

p l o t t e d  : 

(1) A l t i t u d e  above s u r f a c e  of e a r t h  

(2) McIlwain L parameter 

(3) Gyrofrequency a t  s a t e l l i t e  

(4) Minimal gyrofrequency along t h e  f i e l d  l i n e  

(5) Local mean time a t  t h e  s u b s a t e l l i t e  po in t  

(6) Geographic l a t i t u d e  

(7) Geographic longi tude  

(8) Magnetic l a t i t u d e  

(9) SEP angle .  

The geophysical  events ,  a s  w e l l  a s  t h e  commands €or Experiments 

A - 1 7  and A-14 a r e  a l s o  ind ica ted .  

An example of t h e  CAOR p l o t  form, a Cal-Comp tape ,  is shown 

i n  F ig .  5.7. 

5.2.3 Phase I1 Process ing  

The second phase of t h e  d i g i t a l  da t a  process ing  is t h e  pro- 

cess ing  on t h e  B-5500 of real- t ime and s to red  d i g i t a l  experimental  

magnetic da t a  t ape .  The block diagram of Phase I1 is shown i n  F ig .  5.5. 

The inpu t s  and outputs  of t h e  second phase a r e :  

Inpu t s  ou tpu t s  

(1) Real-time d a t a  t ape  (1) Time-ordered da ta  (TOD) 
t ape  

( 2 )  Stored-time d a t a  t ape  ( 2 )  TOD quick-look p r i n t o u t  

(3) Cal-Comp d a t a  p l o t  t ape  
(opt i on a 1 ) 

Approximately 95 percent  of t h e  Experiment A-17 da ta  ( the  

t o t a l  b i t s ,  of information)  a r e  recorded on rea l - t ime decommutation 
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Columns 

1-4 

6-9 

11-16 

18-22 

24-27 

29-32 

34-36 

39-42 

44-48 

50-54 

57-58 

60-61 

63-67 

69-73 

75-81 

83-89 

91 - 92 
94 -95 

96- 97 

100-101 

103-104 

105-107 

109-112 

Table 5.9 

EXPERIMENT A - 1 7  CAOR EPHEMERIS FORMAT 

Label 

MMDD 

HHMM 

ALT KM 

LAT N 

AONG E 

DIST RE 

SEP 

VT KM/S 

VR KM/S 

VB KM/S 

SZ 

SB 

VI LAT 

L 

FH KHZ 

FHO KHZ 

LAT N 

LGN N 

ZA N 

LAT S 

LGN S 

ZA S 

LMT HR 
-- 

I d en t i f i c a t i on 

Month, day (UT) 

Hour, minute (UT) 

Al t i t ude  above su r face  of e a r t h  

S u b s a t e l l i t e  geographic l a t i t u d e  

S u b s a t e l l i t e  geographic longi tude  

Distance from c e n t e r  of e a r t h  i n  e a r t h  r a d i i  

Sun-earth-probe angle  

Tota l  v e l o c i t y  

Radial  v e l o c i t y  

Veloci ty  along magnetic f i e l d  

Spin-earth angle ,  0-180" 

Spin-magnetic-field angle,  0-90° 

Kagnetic l a t i t u d e  

NcIlwain L parameter 

Syrofrequency a t  s a t e l l i t e  

Minimum gyrofrequency on f i e l d  l i n e  

Geographic l a t i t u d e ,  nor thern  ing res s  poin t  

Geographic longi tude,  nor thern  ing res s  poin t  

Zeni th  angle,  nor thern  ing res s  poin t  

Geographic l a t i t u d e ,  southern eg res s  poin t  

Geographic longi tude,  southern  egress  point 

Z e n i t h  angle,  southern egress  poin t  

S u b s a t e l l i t e  l o c a l  mean t i m e  
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da ta  t apes .  

of contiguous d a t a  a t  a uniform b i t  r a t e .  The maximum number of records 

p e r  f i l e  i s  approximately 360 records a t  high b i t  r a t e  (HBR), 180 re- 

cords a t  medium b i t  r a t e  (MBR), and 45 records a t  low b i t  r a t e  (LBR), 

The number of f i l e s  pe r  da t a  t ape  v a r i e s  from one t o  s ix .  The format 

f o r  Experiment A-17 d a t a  f i l e s  has  been given i n  t h e  previous s e c t i o n  

(see Tables  5.6 and 5.7) .  

Real-time da ta  t apes  a r e  m u l t i - f i l e  tapes ,  a f i l e  c o n s i s t i n g  

The second type  of input  t o  t h e  second-pass B-5500 processing 

is  t h e  stored-time decommutated da ta  tapes ,  which have t h e  same da ta  

format a s  t h e  real- t ime experimental  da t a  t a p e s .  The s to red  exper i -  

mental da t a  a r e  recorded a t  b kb/s,  a s  i n  t h e  case  of LBR da ta .  I n  

o rde r  t o  d i f f e r e n t i a t e  LBR real- t ime da ta  from LBR stored-time da ta ,  

t h e  l a t t e r  a r e  r e f e r r e d  t o  a s  s to red -b i t  r a t e  (SBR) da ta .  The stored 

da ta  a r e  use fu l  only when real- t ime t ransmiss ions  a r e  not  being made. 

Stored experimental  da t a  are used t o  extend t h e  da t a  coverage t o  por t ions  

of t h e  o r b i t  where real- t ime da ta  cannot be received. Timing e r r o r s  

i n  t h e  recording of s to red  da ta  have made t h e i r  u s e  u n r e l i a b l e .  

The primary output  of t h e  second phase of computer processing 

is  t h e  TOD tape ,  permanent l i b r a r y  t ape  conta in ing  a l l  t h e  r e a l -  and 

s tored-t ime experimental  da t a  i n  c a l i b r a t e d  contiguous f i l e s .  By 

computer processing t h e  experimental  da t a  a r e  compacted on t h e  TOD tapes-- 

r e s u l t i n g  i n  about one- f i f th  a s  many t apes  a s  NASA s e n t .  The TOD pro- 

gram inc ludes  t h e  fol lowing work on each experimental  da t a  tape:  

(1) Each da ta  po in t  is  t r a n s f e r r e d  i n t o  a c a l i -  

b r a t i o n  and p o s i t i o n  TOD ar ray ,  g iv ing  t h e  

magnitude of t h e  magnetic f l u x  dens i ty  i n  

u n i t s  of dec ibe l s  with r e spec t  t o  1 gamma 

r m s .  (See Sec. 2.3.)  

(2) Real- and s tored-t ime experimental  data  

f i l e s  a r e  ordered sequen t i a l ly .  
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(3) N e w  TOD f i l e s  a r e  c rea ted  whenever a b i t - r a t e  

or mode change occurs ( e i t h e r  experiment or 

s p a c e c r a f t ) .  For example, i n  a normal case ,  

an  experimental  da t a  f i l e  conta ins  a change 

i n  experiment mode from sweep-frequency t o  

t h e  f ixed-f requency mode. This  mode change 

causes  a new TOD f i l e  t o  be generated st t h e  

poin t  of t h e  switching.  The TOD f i l e s  a r e  

separa ted  by end-of-f i le  markers. An extended 

loss of synchroniza t ion  i n  t h e  sweep-frequency 

mode causes a new d a t a  f i l e  t o  be c rea ted ,  

even though t h e  experiment had not  r e a l l y  

changed from sweep-f requency t o  f ixed-f requency 

mode, 

The format of t h e  TOD t ape  l a b e l  record is given i n  Table  

5 .10 and t h a t  of t h e  TOD tape  da ta  record i s  given i n  Table 5.11. These 

formats  can be compared with t h e  NASA da ta  t ape  formats given i n  Tables  

5 . 5  and 5.6.  The f i r s t  record p e r  f i l e  i s  a l a b e l  record .  I t  se rves  

a s  a means of i d e n t i f y i n g  t h e  da t a  contained on t h i s  t o  t h e  f i l e  of 

which it i s  p a r t .  Each l a b e l  record conta ins  72 6-b i t  cha rac t e r s .  

All f i e l d s  of cha rac t e r s  a r e  b inary  i n t e g e r s ,  except where noted.  

Each da ta  record conta ins  t h r e e  l o g i c a l  da t a  records .  A l l  

l o g i c a l  records a r e  2432 6-b i t  cha rac t e r s  long ,  The phys ica l  record 

i s  t h r e e  t imes 2432 6-b i t  cha rac t e r s  long .  A l l  f i e l d s  of da ta  a r e  i n  

binary i n t e g e r  form un les s  otherwise spec i f i ed  . 
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Table 5.10 

TOD LABEL RECORD FORMAT 

Characters  

1-8 

9-16 

17-24 

25-32 

33-40 

41-48 

4 9-50 

51-55 

56 

57-64 

65-72 

- 

- I d e n t i f i c a t i o n  

S t a r t  time of data--day of year  

S t a r t  t i m e  of data--mil l iseconds of day 

Mode : 

0 = f ixed  
1 = sweep 

B i t  r a t e :  

0 = low 
1 = medium 
2 = high 
3 = low, s to red  

B i t  r a t e  t ime 

1152 m s  = low 
1 4 4  m s  = medium 
18 m s  = high 

Run number 

BCD blanks 

BCD cha rac t e r s  S-49A 

BCD blank 

F i l e  number 

Data t y p e  

1 = real- t ime da ta  
2 = stored-t ime da ta  
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Zh a ra  c t e rE 

1-8 

9-16 

17-24 

25-32 

33-40 

41-42 

43-48 

4 9-52 

53-56 

57-64 

65-72 

73-80 

81-88 

89-96 

97-104 

105-108 

109-112 

113-116 

117-120 

121-125 

126-128 

129-130 

131-132 

133-134 

135-136 

137-2176 

2177-2178 

2179-2432 

Table 5.11 

TOD DATA RECORD FORMAT 

Day of year  

S t a r t  of da t a  

End of da ta  

Accumulated time s t a r t  

Accumulated t i m e  end 

Data q u a l i t y  f l a g  

0 = good 
1 = bad 

To ta l  e r r o r  count 

Mode 

0 = f ixed  
1 = sweep 

Tota l  f i l l  da ta  f l a g s  

Characters 9-10 

Characters 13-14 

Band I s t a t i c  frequency times 100 

Band I1 s t a t i c  frequency times 100 

Band I11 s t a t i c  frequency times 100 

Characters 3-8 

Characters 11-12 

Characters 15-18 

Characters 19-20 

Characters 21-24 

Characters 25-26 

Characters 27-30 

Blank 

Band I1 amplitude One da ta  poin t  

Band I amplitude 

Band I11 amplitude 

There a r e  255 8-character f i e l d s  

* 
* 

* 
* 
* 
* 
* 
* 
* 

1 
f i l l e d  a s  t h e  8-character f i e l d  of 
Characters 129-136. 

F i l l  d a t a  or e r r o r  f l a g  

0 = no f i l l  da t a  or e r r o r  
1 = f i l l  da ta  or e r r o r  

There a r e  127 2-character f i e l d s  
f i l l e d  a s  t h e  2-character f i e l d  of 
Characters 2177 and 2178. There 
is one f i l l - d a t a  or error f l a g  for 
two da ta  poin ts .  - 

-Of o r i g i n a l  NASA da t a  t ape .  



The TOD t a p e  becomes an  input  i n t o  t h e  t h i r d  phase of 

computer processing,  a long with CAOR t ape .  

Another output  of t h e  second phase is t h e  TOD quick-look 

log  shee t ,  an on-line p r i n t e r  output  of s e l e c t e d  information from t h e  

TOD tape .  Th i s  p r i n t o u t ,  generated f o r  each TOD tape ,  records t h e  

fol lowing information:  

(1) The s t a r t  and s t o p  times of each f i l e  

(2) The number of records processed f o r  each f i l e  

(3) The t ransmiss ion  da ta  r a t e  f o r  each f i l e  

(4) The experiment mode f o r  each f i l e  

(5) The t o t a l  number of records from each f i l e  

(6) The t ape  and f i l e  numbers oi t h e  NASA t apes  

of t h e  NASA da ta  t apes  

(7) The t o t a l  number of new TOD f i l e s  genera ted .  

An example of t h e  TOD quick-look p r i n t o u t  appears  a s  Fig.  5 . 8 .  An op- 

t i o n a l  t h i r d  output  from t h e  second phase is a Cal-Comp TOD p l o t  tape .  

The Cal-Comp TOD p l o t  i n  F i g ,  5 .9  shows c a l i b r a t e d  amplitude i n  dec ibe l s  

below l y  versus  frequency f o r  a l l  t h r e e  bands. The da te ,  t i m e ,  b i t  

r a t e ,  and experiment mode appear i n  t h e  cha rac t e r  tes t .  Like t h e  CAOR 

program, t h e  TOD program has two vers ions :  one with and one without a 

Cal-Comp p l o t  package. 

5.2.4 Phase I11 Processing 

The t h i r d  and f i n a l  phase of t h e  d i g i t a l  d a t a  processing 

system on t h e  3-5500 is t h e  product ion of a d i sp l ay  t ape  f o r  t h e  CDC 

160-A computer. The block diagram of Phase I11 is shown i n  Fig.  5.5. 

The inpu t s  and outputs  of t h e  t h i r d  phase a re :  

Inputs  ou tpu t s  

(1) Card-orbit  t ape  (CAOR) (1) CDC 160-A t ape  

(2) Time-ordered da ta  t ape  (2) 160-A quick-look 
@OD) p r i n t o u t  
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The two i n p u t s  used i n  t h e  t h i r d  phase a r e  t h e  CAOR and TOD 

l i b r a r y  t apes .  

t h e  a s soc ia t ed  time-ordered a t t i t u d e - o r b i t  parameters,  thereby producing 

an output  p l o t  t ape  conta in ing  t h e  information from both input  tapes .  

However, not a l l  t h e  a t t i t u d e - o r b i t  and card  parameters a r e  w r i t t e n ,  on 

t h e  160-A output  t ape .  The selected CAOR t a p e  parameters w r i t t e n  on 

The i n t e n t  he re  is  t o  i n t e g r a t e  experimental  d a t a  with 

each output  160-A record a r e :  

Local mean t i m e  of t h e  s u b s a t e l l i t e  po in t  

Sun (SUN) or eclipse (ECL) 

Geographic l a t i t u d e  

Geographic longi tude  

SElJ angle  

A l t i t u d e  above e a r t h ' s  s u r f a c e  

McIlwain L parameter 

Magnetic l a t i t u d e  

Gyrofrequency a t  t h e  s a t e l l i t e  

Minimum gyrofrequency along t h e  f i e l d  l i n e  

3-hour magnetic K index (Fredericksburg,  Md .) 

Sunspot number 

S o l a r  f l a r e  (plus  du ra t ion )  

An i n d i c a t o r  f l a g  f o r  Experiment A-14 having 
been on. 

A 160-A t a p e  con ta ins  exac t ly  t h e  same number of records a s  

does t h e  TOD t ape  from which it was made. 

a r e  i d e n t i c a l  t o  160-A t ape  f i l e s ,  separa ted  by end-of - f i le  markers. 

Time-ordered da ta  t ape  f i l e s  

The TOD and CAOR input  t apes  a r e  combined i n  t h e  B-5500 

The third-phase program searches  t h e  TOD t ape  u n t i l  i t  f i n d s  computer. 

a d a t e  and t i m e  t h a t  l i e  w i th in  t h e  date-time range of t h e  f i r s t  revolu- 

t i o n  on t h e  CAOR t ape .  I f  t h e  t i m e  of t h e  f i r s t  frame of d a t a  on t h e  

TOD record f a l l s  between t h e  f i r s t  and t h e  second records  of t h e  CAOR 

t ape ,  t h a t  TOD record is processed with t h e  parameters of t h e  first 

record of t h e  CAOR t a p e .  The succeeding records of t h e  TOD t a p e  a r e  

processed with t h e  parameters  of t h e  f i r s t  CAOR record u n t i l  t h e  s t a r t  

75 

a 



t i m e  of a TOD record exceeds t h e  s t a r t  t i m e  of t h e  next  CAOR record.  

The t h i r d  phase does not  provide i n t e r p o l a t i o n  between CAOR parameter 

ou tputs ;  t he re fo re ,  a t  t i m e s  many TOD t a p e  records  have i d e n t i c a l  

assoc ia ted  parameters.  

The t h i r d  phase i s  con t ro l l ed  by t h e  CAOR tape .  Only t h e  

records on t h e  TOD t a p e  f a l l i n g  between t h e  s t a r t  t i m e  of t h e  f i r s t  

record and t h e  end of f i l e  on t h e  CAOR t a p e  a re  processed f o r  a p a r t i -  

c u l a r  revolu t ion .  The TOD records extending beyond t h e  end of t h e  

r evo lu t ion  being processed a r e  processed i n  a subsequent run. The 

maximum number of TOD records processed f o r  a s i n g l e  r evo lu t ion  is  

about 6200. Even though m u l t i p l e  TOD records  a r e  a s soc ia t ed  with a 

s i n g l e  CAOR record,  t h e  times generated on t h e  160-A t ape  records a r e  

i d e n t i c a l  t o  those  of t h e  TOD records .  

The second output  from t h e  t h i r d  phase is a p r i n t o u t  of 

i n f o m a t i o n  w r i t t e n  on t h e  160-A output  tape .  This  p r in tou t ,  shown 

i n  F ig .  5.10, i s  generated f o r  a l l  160-A output  t apes .  I t  is va luable  

i n  t h e  pre-ed i t ing  of t h e  information on t h e  160-A t ape  displayed during 

t h e  f i n a l  phase of process ing  on t h e  160-A computer. The information 

generated on t h e  160-A quick-look p r i n t o u t  is: 

(1) Revolution number 

(2) S t a r t  and end t i m e  of r evo lu t ion  

(3) S t a r t  and end time of each 160-A t a p e  da t a  f i l e  

(4) B i t  ra te ,  mode, and whether t h e  da t a  a r e  r e a l -  
or stored-t ime for each da ta  f i l e  

(5) S t a r t -  and end-of-f i le  record numbers. 

5.2.5 Phase I V  Processing 

The f o u r t h  and f i n a l  phase of t h e  d a t a  processing system u s e s  

t h e  160-A d i sp lay  t ape  generated dur ing  t h e  t h i r d  pass  of t h e  B-5500 

processing.  The 160-A computer d i sp l ays  t h e  information contained on 

t h e  t ape  on a cathode-ray tube  (CRT) while  16-mm photographs a r e  taken 

of t h e  displayed da ta .  The da ta  from t h e  d i sp lay  t ape  a r e  recorded 



PAGE 3 OF RUN 20 

B I T  HATE 0 MUDE 1 STORED/REAL 1 

S T A R T  T I M E .  10127 0/37 /42PZC NU, 2961 

EN0 T I M L  1 0 / 2 7  2 / 2 3 / 2 2  P I C  NO. 3004  

B I T  HATE 0 MODE 1 STORED/REAL 1 

S T A R T  T I M €  1 0 / 2 7  2 / 2 8 / 1 7 P I C  NO,  3005  

END TIME 1 0 / 2 7  4 / 1 3 / 5 8  P I C  NO, 3048  

B I T  KATE 0 MODE 1 STORED/REAL 1 

S T A R T  T I M L  10127  4 / 1 8 / 5 3 P I C  NU, 3049 

END TIME 1U/27  5 / 3 9 / 5 9  P I C  NO, 3082  

B I T  KATE 0 MODE i SYURED/HEAL 1 

S T A R T  T I M t  1 0 / 2 7  18/40/25PiC NU.  3083 

END T I M f  1 0 1 2 7  2 0 1 3 2 1  5 P I C  NO. 3125 

B I T  KATE 0 MODE 1 S T O R E D / H E A L  1 

S T A R T  T I M E  1 0 / 2 7  2 2 / 2 7 / 3 6 P I C  NO. 3126  

END TIML 1 0 / 2 8  0 / 1 3 / 1 6  P I C  NO, 3168 
0- 4007 -75 

FIG. 5.10 EXAMPLE OF A CDC 160-A QUICK-LOOK PRINTOUT 
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i n  t i m e  sequence on f i lm,  thus  producing a movie. 

becomes t h e  f i n a l  l i b r a r y  record of t h e  SRI d a t a  process ing  system; 

it enables  p r o j e c t  personnel  t o  s t o r e  and examine convenient ly  a l a r g e  

q u a n t i t y  of da t a  o f f - l i n e  from t h e  computer. The block diagram of 

Phase I V  is shown i n  Fig.  5.5. The i n p u t s  and outputs  of t h e  f o u r t h  

phase are: 

This  d i sp l ay  f i l m  

Inpu t s  ou tpu t s  

(1) CDC 160-A d i s p l a y  t ape  (1) CDC 160-A d i s p l a y  f i l m  

(2) Manual keyboard commands (2) Real-time checking and 
and c o n t r o l s  monitoring of output .  

The input  160-A t a p e  conta ins  a l l  t h e  experimental  da t a  

p lus  t h e  se l ec t ed  CAOR t ape  parameters i n  a format compatible with t h e  

s p e c i f i c a t i o n s  of t h e  fourth-phase CDC 160-A program. Records on t h e  

160-A input  tape  a r e  read i n t o  co re  s t o r a g e  one a t  a t i m e .  The computer, 

however, has  t h e  c a p a b i l i t y  of handl ing s imultaneously t h r e e  da t a  

records.  While t h e  f i r s t  record is  being ca l l ed  out  t o  be displayed 

on t h e  CRT, t h e  t h i r d  is being read i n t o  memory. An example of t h i s  

overlapping of input  and output  i s  shown i n  F ig .  5.11. The format of 

t h e  160-A da ta  block (Table 5.12),  t h e  format of t h e  graph coord ina tes  

i n  t h e  da t a  block (Table 5.13), and t h e  format of t h e  s igna tu re  block 

(Table 5.14) a r e  presented subsequent ly .  

The graph coord ina tes  a r e  organized i n  32 segments, each 

segment conta in ing  58 cha rac t e r s  on t a p e .  

p o i n t s  t o  be displayed wi th in  a v e r t i c a l  s t r i p ,  which i s  1/32 of t h e  

t o t a l  ho r i zon ta l  e x t e n t  of t h e  graph. The cha rac t e r s  i n  each segment 

a r e  ordered a s  i n  Table  5.13. 

Each segment r ep resen t s  t h e  

A po in t  s p e c i f i c a t i o n  is  made up of two cha rac t e r s ,  i .e . ,  

f o u r  o c t a l  d i g i t s .  The ho r i zon ta l  coord ina te  component i n  a po in t  

s p e c i f i c a t i o n  i s  t h e  3 l e a s t  s i g n i f i c a n t  b i t s ;  t h e  v e r t i c a l  coord ina te  

component i s  t h e  9 most s i g n i f i c a n t  b i t s .  The v e r t i c a l  p o s i t i o n  wi th in  

t h e  graph is  t h e  sum of t h e  va lue  of t h e  v e r t i c a l  coord ina te  ( t run-  

cated,  with round-off, t o  7 b i t s )  and of t h e  v e r t i c a l  he ight  of t h e  base 

of t h e  graph. 
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Charac te r  

1-8 

14-16 

20-24 

25-26 

28-29 

31-32 

33-34 

36-37 

39-40 

41-43 

45 

46 

48-50 

53 

62-64 

67-72 

78-80 

81-88 

94-96 

101-104 

105 

106 

107 

113-116 

117-120 

121-124 

125-126 

127-128 

129-130 

131-132 

133 

134-136 

138-140 

141-144 

146-148 

149-150 

151-156 

157-158 

159-160 

161-164 

165-172 

173-176 

177 

178 

201-258 

259-316 

1999-2056 

Table  5 .12  

FORMAT OF CDC 160-A DATA BLOCK 

Contents  

Experiment name 

O r b i t  number 

Frame numher ( f i l m  frame) 

Year 

Month 

Day 

Hours 

Minutes 

Seconds 

Local  mean t ime,  hours  and t e n t h s  of hours  

Sun i n d i c a t o r  

Magnetic po le  i n d i c a t o r  

S a t e l l i t e  i l l u m l n a t i o n ,  e i t h e r  Sun (SUN) or e c l i p s e  (EC 

B i t  r a t e  

S o l a r  z e n i t h  ang le  

A l t i t u d e  

Magnetic l a t i t u d e  

Gyrofrequency a t  s a t e l l i t e  

L a t i t u d e  ( e .g . ,  29N) 

Longi tude ( e  .g . , 55E) 

Real- t ime/s tored-t ime i n d i c a t o r  

7090 t o  85500 t a p e  p a r i t y  i n d i c a t o r  

Siveep/s ta t ic  i n d i c a t o r  

Frequency f o r  t o p  graph 

Frequency f o r  middle graph 

Frequency f o r  bottom graph 

S a t e l l i t e  p o s i t i o n  h o r i z o n t a l ,  l e f t  e l l i p s e  

S a t e l l i t e  p o s i t i o n  v e r t i c a l ,  l e f t  e l l i p s e  

As 125, 126, r i g h t  e l l i p s e  

As 127, 128, r i g h t  e l l i p s e  

Magnetic k index 

Sunspot numher 

Time a f t e r  or befo re  nex t  f l a r e  

Gyrofrequency i n d i c a t o r  on graph 

Mil l isecond of day 

Angle of s p i n  v e c t o r  with r e spec t  t o  magnetic f x e l d  l i r  

S p e c i a l  message t o  be d i sp layed  a t  t h e  right-hand 
s i d e  of Line 6 of t h e  t e x t  

F l a r e  c l a s s  

T o t a l  error count 

L parameter  

FHO* 

FHO I n d i c a t o r  

North Po le  i n d i c a t o r  

14 i f  Experiment 1 4  is  on, 0 i f  i t  is o f f  

Graph coord ina te s ,  Segment 1 ( see  Tab le  5.11) 

Graph coord ina te s ,  Segment 2 

Graph coord ina te s ,  Segment 32 

-- * 
Minimum e l e c t r o n  gyrofrequency along t h e  f i e l d  l i n e  through t h e  
s a t e l l i t e .  
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Table 5.13 

FORMAT OF GRAPH COORDINATES I N  DATA BLOCK 

Charac te r  P o s i t i o n  
i n  Segment 

1 

2 

3-4 

5-6 

7-8 

9-10 

11-12 

13-14 

15-16 

17-18 

55-56 

57-58 

* 
I n  o c t a l .  

* 
Contents 

Segment number 3. 4 (048 - 438) 

04 (cons tan t  f o r  a l l  segments) 

Po in t  spec i f i ca t ion '  of t o p  graph = T i  ' 

Poin t  spec i f  i ca t ion '  of m i d d l e  graph = M i  

Po in t  spec i f i ca t ion '  of bottom graph = B i  

Next po in t  s p e c i f i c a t i o n  of top  graph = T i  4- 1 

Next po in t  s p e c i f i c a t i o n  of middle graph = M i  + 1 

Next po in t  s p e c i f i c a t i o n  of bottom graph = B i  3- 1 

Good/bad te lemet ry  i n d i c a t o r  ( f i r s t  p a i r  of po in t s )  

Po in t  S p e c i f i c a t i o n  = T i + 2  

Las t  po in t  s p e c i f i c a t i o n  = B i + 7  

Good/bad te lemet ry  i n d i c a t o r  ( four th  p a i r  of 
p o i n t s  ) 

?A p o i n t  s p e c i f i c a t i o n  is a combination of t h e  v e r t i c a l  and ho r i zon ta l  
coord ina tes  of t h e  poin t  t o  be d isp layed .  
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Table  5.14 

FORMAT OF SIGNATURE BLOCK 

Charac te rs  

1-32 

33-104 

105-176 

177-320 

320-2056 

Contents 

Spare 

Hor izonta l  coord ina tes  
of p o i n t s  on f i r s t  o rb i l  

V e r t i c a l  coord ina tes  
of p o i n t s  on f i r s t  o rb i l  

A s  33-176, but f o r  second 
o r b i t  

Spare 

The v e r t i c a l  he igh t s  of t h e  bases  of t h e  t h r e e  graphs a re :  

540 - Top graph 

300 - Middle graph 

040 - Bottom graph. 

The good/bad te lemet ry  i n d i c a t o r  f o r  each p a i r  of p o i n t s  (per  graph) 

i s  OOOx i f  good and 020x where: 

x = I p e r  f i r s t  p a i r  of po in t s  

x = 3 p e r  second p a i r  of p o i n t s  

x = 5 pe r  t h i r d  p a i r  of p o i n t s  

x = 7 p e r  f o u r t h  p a i r  of po in t s .  

The 160-A t ape  records,  upon program i n i t i a t i o n ,  a r e  d i s -  

played one record a t  a t i m e  on t h e  160-A CRT d i sp lay .  The output  from 

t h r e e  receivers i n  t h e  experiment appears on t h r e e  graphs: The top  

graph on t h e  d i sp lay  is Band 1 (0.200 t o  1 . 6  kHz); t h e  middle graph 

is Band 2 (1.6 t o  12.5 kHz); and t h e  bottom graph is Band 3 (12.5 t o  

100 kHz). When t h e  r ece ive r  i s  commanded i n t o  t h e  sweep-frequency mode, 
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a l l  graphs d i sp lay  magnetic-flux d e n s i t y  amplitude ( i n  dec ibe l s  below 

ly )  versus  frequency ( i n  k i l o h e r t z ) .  I n  t h e  f ixed-f requency mode, a l l  

graphs d i sp lay  amplitude versus  t i m e .  There a r e  256 da ta  words p e r  band, 

t h e r e f o r e  768 words a r e  presented on each frame of f i l m  (not t o  be con- 

f u s e d  w i t h  t h e  frame of main commutator d a t a ) .  The d a t a  words i n  each 

band a r e  t i m e  contiguous with one another  a s  t h e  r ece ive r s  s t e p  from 

one end of t h e i r  bands t o  t h e  o the r .  The t i m e  d isplayed i n  t h e  upper 

right-hand corner  of t h e  f i l m  i s  the  t i m e  of t h e  f i r s t  b i t  o f , t h e  first 

word of Main Commutator Word 1 of t h e  te lemet ry  main frame from which 

t h e  da t a  o r ig ina t ed .  

Associated with t h e  experimental  da t a  a r e  two o r b i t a l  e l l i p s e s  

and n ine  l i n e s  of c h a r a c t e r  t ex t .  The left-hand e l l i p s e  i s  a p o l a r  

p ro jec t ion ,  which g ives  t h e  p o s i t i o n  of t h e  s a t e l l i t e  with respec t  t o  

t h e  sun and magnetic North Pole  d i r e c t i o n s .  The right-hand e l l i p s e  

is an eWatOr ia1  p r o j e c t i o n  showing t h e  l i n e  of aps ides  of t h e  o r b i t ,  

along with t h e  s a t e l l i t e  p o s i t i o n  and magnetic North Pole  d i r e c t i o n .  

The c h a r a c t e r  t e s t  g ives  t h e  s a t e l l i t e  i d e n t i f i c a t i o n ,  revolu t ion  number, 

frame number, date/t ime, geophysical  events ,  and assoc ia ted  a t t i t u d e  

and o r b i t a l  parameters.  A d e t a i l e d  drawing of t h e  d i sp l ay  record 

appears i n  F ig .  5.12. A p r i n t  made from a t y p i c a l  160-A f i l m  record 

is shown i n  F ig .  5.13. 

5.2.6 Output Cine Display System 

This  subsec t ion  of t h e  r e p o r t  has  f i v e  p a r t s .  The f i r s t  

p a r t  d e t a i l s  t h e  s t a r t -up  procedure; t h e  second desc r ibes  t h e  f i lming  

of d a t a  (Film Mode); t h e  t h i r d  d e t a i l s  t h e  way i n  which t h e  t ape  may 

be scanned t o  examine t h e  da t a  without f i lming  it (Scan Mode); t h e  

fou r th  desc r ibes  t h e  way i n  which t h e  h o r i z o n t a l  s c a l e s  may be changed 

(Scale Mode); and t h e  f i f t h  is concerned with e r r o r  condi t ions .  

5.2.6.1 S tar t -up  Procedure 

The fol lowing sequence of opera t ions  should t a k e  

p lace :  

(1) Switch on t h e  computer, d i sp l ay ,  t ape  
u n i t ,  typewri te r ,  and camera i n t e r -  
f a c e  equipment. 
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(2) S e l e c t  magnetic t ape  on t h e  b u f f e r  
channel ; select typewri te r ,  d i sp l ay ,  
and Terminal B on t h e  normal channel. 

(3) Master c l e a r  t h e  computer. P l ace  t h e  
program t ape  i n  t h e  paper  t ape  reader ,  
load,  and run. 

(4) Mount d a t a  on t h e  t ape  u n i t .  G o  t o  t h e  
load po in t .  Switch t h e  t ape  u n i t  t o  N o .  
1 and high dens i ty ,  and switch t h e  t ape  
c o n t r o l  u n i t  t o  binary (check t h a t  t h e  

r i g h t  enable” r i n g  is absent  from da ta  
t ape ) .  

1t 

(5) Master c l e a r ,  set p = 100, and run. The 
computer should read one record of t ape  
and d i sp lay  t h e  axes f o r  t h e  t h r e e  graphs,  
p l u s  c e r t a i n  dummy information i n  t h e  
t e x t  d i sp lay ,  p l u s  t h e  s a t e l l i t e  o r b i t s .  

The system is  now i n  t h e  Sca le  Mode (see Sec. 5 .2 .6 .4) .  

5.2.6.2 Film Mode Operation 

The Film Mode is  en tered  from e i t h e r  t h e  Sca le  or t h e  

Scan Mode by depressing t h e  F key on t h e  typewri te r .  The camera w i l l  

be s t a r t e d  and t h e  f i l m  exposed u n t i l  a s t o p  i s  e i t h e r  s igna led  by 

t h e  operator--by depressing t h e  S key on t h e  typewriter--or by t h e  

computer, because of a bad frame, p a r i t y ,  end of f i l e ,  or end of tape .  

A t  t h e  s t o p ,  t h e  system i s  l e f t  i n  t h e  mode determined by t h e  p a r t i c u l a r  

condi t ion  : 

A c t  ion  Mode - 
Manual s t o p  Scan 

Bad frame Scan 

P a r i t y  on t ape  Scan 

End of f i l e  Computer ha 1 t 

End of t a p e  Computer h a l t  . 
When t h e  Film Mode is entered  from t h e  Scan Mode, 

t h e  f i r s t  frame exposed w i l l  be t h e  one c u r r e n t l y  v i s i b l e  i n  t h e  

Scan Mode. 
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5.2.6.3 Scan Mode t ipera t ion  

The Scan Mode can be en tered  from e i t h e r  t h e  Sca le  

or t h e  Film Mode by t h e  fol lowing condi t ions :  

Current  Mod e Cond i t ion 

Sca le  Type in:  SC 

Film Type i n :  SC 

Film Bad frame 

Film P a r i t y  on t a p e  

The Scan Mode provides  a means of examining t h e  

t ape  information without f i lming  i t .  Act ion is con t ro l l ed  by type- 

writer input  according t o  t h e  fol lowing scheme: 

Typewri ter  Input  Action 

Axxxx space,  Advance xxxx frames, 
where t h e  xxxx r ep resen t s  showing frames on 
a decimal number of one t o  t h e  d i sp lay  without 
f o u r  d i g i t s  (max. 2047) f i lming  them., A f t e r  

xxxx frames, s t o p  t ape  
and show cu r ren t  frame. 

Rxxxx space Same a s  above, except 
t h a t  t h e  scan is back- 
ward along t h e  t ape .  

S dur ing  a forward o r  Stop t h e  scan.  Remain 
backward scan  (above) i n  Scan Mode, 

F Enter  Film Mode. 

During a l l  a c t i o n s  i n  t h e  Scan Mode, "bad frame" 

i n d i c a t i o n s  a r e  not  given.  

computer w i l l  s o  i n d i c a t e  and w i l l  then  h a l t .  To r e s t a r t ,  rewind tape ,  

se t  p = 100, and run, whereupon t h e  system i s  i n  t h e  Sca le  Mode and can 

be put  i n  t h e  Scan Mode by typ ing  i n  SC on t h e  typewri te r .  

I f  "end of f i l e "  is m e t  i n  Scan Mode, t h e  

5.2.6.4 Sca le  Mode Operat ion 

A t  t h e  s tar t  of a run,  it i s  poss ib l e  t o  change t h e  

s c a l e  marks and va lues  of t h e  h o r i z o n t a l  axes of t h e  t h r e e  graphs i n  

both t h e  sweep and t h e  s t a t i c  mode. A l l  changes a r e  s p e c i f i e d  on t h e  

typewr i t e r .  Each graph d i sp lays  256 po in t s ,  and t h e  p o s i t i o n  of each 
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s c a l e  mark i s  spec i f i ed  with r e spec t  t o  t h e  "graph po in t  number" i n  t h e  

range 0 t o  255. For  example (see below f o r  d e t a i l s ) ,  t h e  typed-in 

command 

be made on t h e  ho r i zon ta l  a x i s  of t h e  top  graph ( the  "TI' above), h a l f -  

way along t h e  a x i s  ( the  "127" above), and below t h e  mark t h e  d i g i t s  

(1  T space 127 space 32.7 c a r r i a g e  re turn"  w i l l  cause a mark t o  

32.7" w i l l  be d isp layed .  I( 

The fol lowing commands a r e  typed i n t o  t h e  computer: 

Command 

sw 

ST 

TspaceXYZspaceABCDcarriage r e t u r n  

MspaceXYZspaceABCDcarriage r e t u r n  

BspaceXYZspaceABCDcarriage r e t u r n  

F 

sc 

Action i n  160-A ' 

Clear  t h e  t h r e e  h o r i z o n t a l  axes i n  

t h e  sweep mode. The s c a l e  spec i -  

f i c a t i o n s  r e f e r  t o  sweep mode. 

Same a s  above except f o r  f ixed-  

frequency mode. 

A s c a l e  mark is  placed a t  t h e  XYZ 

(0-to-255) po in t  of t h e  a x i s  of t h e  

top  graph, and t h e  d i g i t s  ABCD a r e  

placed below i t .  XYZ must be made 

up of t h r e e  d i g i t s  (0-9), i . e . ,  t h e  

number 7 is  input  a s  007. Exact ly  

f o u r  cha rac t e r s  must be i n  t h e  group 

ABCD, spaces  being allowed. The 

decimal po in t  is  input  a s  a semi- 

colon on t h e  typewr i t e r .  Any non- 
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d i sp l ayab le  inpu t . ( e .g . ,  c a r r i a g e  

r e t u r n ,  ca se  s h i f t )  causes a space.  

Same a s  above, bu t  s c a l e s  a r e  marked 

i n  middle graph. 

Same a s  above, but  s c a l e s  a r e  marked 

i n  bottom graph. 

En te r  Film Mode. 

En te r  Scan Mode. 



C Punch out  a b i o c t a l  copy of t h e  pro- 

gram. A f t e r  punching out ,  t h e  com- 

p u t e r  w i l l  h a l t ;  t h e  paper t ape  

should be placed i n  t h e  r eade r  and 

t h e  computer r e s t a r t e d ,  whereupon 

t h e  t ape  is  checked for correct 

punching. ( I f  c o r r e c t ,  t h e  program 

r e t u r n s  t o  t h e  Sca le  Mode; i f  in -  

c o r r e c t ,  REPUNCH w i l l  be typed out 

before  t h e  Sca le  Mode is  entered .  

The command C should be repea ted .  

If a second f a i l u r e  occurs,  c a l l  

maintenance engineer . )  

I n  t h e  fixed-frequency mode, t h e  top,  m i d d l e ,  and 

bottom frequency s c a l e s  a r e  replaced by a t i m e  s c a l e  t h a t  depends on 

t h e  b i t  r a t e .  A l l  s c a l e  f i g u r e s  i n  t h e  fixed-frequency mode a r e  d i s -  

played below t h e  bottom hor i zon ta l  a x i s ;  t h e  remaining axes have t i c k  

marks corresponding t o  t h e  s c a l e  marked on t h e  bottom graph. 

During sca l ing ,  t h e  p a r t i c u l a r  s c a l e  e n t r i e s  a r e  

displayed a s  soon a s  they  a r e  en tered .  

A l l  typing t h a t  does not  correspond t o  one of t h e  

above commands causes  no ac t ion ,  and a c a r r i a g e  r e t u r n  is sen t  t o  t h e  

t ypewr i t e r  by t h e  160-A w i t h  t h e  except ion t h a t  i f  XY and Z a r e  not  

numeric, t h e  s c a l e  marking is placed a t  indeterminate  p o s i t i o n s .  

5.2.6.5 E r r o r  Conditions 

Three e r r o r  condi t ions  a r e  descr ibed below. 

(1) End of Tape 

The typewr i t e r  types  END OF TAPE i f  t h e  
end-of-tape warning mark is  de tec ted .  
This  should not  occur  and r ep resen t s  
e i the r  a d a t a  t ape  t h a t  has  not  been 
closed out  by two END OF FILE marks or 
an e r r o r  i n  ope ra t ion  i n  a t tempting t o  
f i l m  da ta  a f t e r  a l l  da t a  on a t ape  have 
been exhausted. 



(2) Bad Frame 

With a type-out BAD FRAME on t h e  type-  
writer,  t h e  camera au tomat ica l ly  s t o p s .  
Th i s  s t o p  may be caused by e i t h e r  a 
s o l i d  p a r i t y  error on t h e  da t a  t a p e  or 
an  excess ive  number of te lemet ry  errors 
from t h e  s a t e l l i t e .  I n  e i t h e r  case,  t h e  
frame d isp layed  is t h e  one i n  e r r o r .  
The system i s  l e f t  i n  t h e  Scan Mode. 

(3) End of Film 

The END OF FILM d e t e c t o r  on t h e  camera 
au tomat ica l ly  s t o p s  i t .  The computer 
i d l e s .  The camera i n t e r f a c e  should be 
switched o f f ,  and new f i l m  should be 
loaded i n t o  t h e  camera. When t h e  camera 
has  been loaded and t h e  f i rs t  few f e e t  
of f i l m  have been run, t h e  computer 
should be taken  out of run, t h e  i n t e r f a c e  
should be switched on, and t h e  c l e a r  bu t ton  
should be depressed.  The computer 
should be put  back i n t o  run  p o s i t i o n  
and t h e  camera manually s t a r t e d .  The 
computer w i l l  au toma t i ca l ly  cont inue  
t o  read t a p e  and d i s p l a y  d a t a .  

5.2.7 Camera Recording System 

The p o r t r a y a l  of success ive  frames of s a t e l l i t e  da t a  on 

motion p i c t u r e  f i l m  requi red  t h e  u s e  of a CDC 160-A computer, a cathode- 

ray  d i s p l a y  u n i t ,  and a motion p i c t u r e  camera. See F ig .  5.14. 

CATHODE-RAY 
DISPLAY 

CONTRO 

CAMERA CAMERA 

D-4007-57 

FIG. 5.14 BLOCK DIAGRAM OF FILM RECORDING SYSTEM 
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An i n t e r f a c e  system was cons t ruc ted  t o  perform t h e  va r ious  l o g i c  func- 

t i o n s  necessary t o  enable  t h e  computer t o  c o n t r o l  t h e  camera. These 

func t ions  included t h e  s e l e c t i o n  of t h e  camera equipment by t h e  computer, 

s t a r t i n g  and s topping t h e  f i lm,  and synchroniza t ion  of t h e  d i sp lay  with 

t h e  camera s h u t t e r .  

A program was w r i t t e n  f o r  t h e  160-A t o  enable  t h e  equipment 

t o  work a s  a system. Data read from t h e  d i sp lay  t ape  a r e  checked and 

s to red  i n  one memorybank. I f  they  check c o r r e c t l y ,  t h e  camera is then  

s igna led  t o  s t a r t  f i l m  motion. 

s i g n a l  i s  s e n t  back t o  t h e  160-A from t h e  i n t e r f a c e  system, and t h e  

da t a  a r e  presented on t h e  CRT. The d i sp lay  i s  completed before  t h e  

camera s h u t t e r  c l o s e s .  

is  being read from tape ,  processed, checked, and s to red  i n  a second 

memory bank.  This  second frame remains i n  memory u n t i l  t h e  f i l m  is t r a n s -  

ported and t h e  s h u t t e r  is  aga in  opened. It  is  then  displayed while  a 

new frame of da t a  is being read and processed. 

When t h e  s h u t t e r  is  open, a go-ahead 

During t h e  d i s p l a y  per iod,  a new frame of da t a  

Th i s  method has  allowed t h e  processing of da t a  i r o m  t a p e  t o  

f i l m  a t  about t e n  frames p e r  second. I n  f ree-run mode, t h e  camera speed  

i s  ad jus ted  t o  be j u s t  s l i g h t l y  slower than t h e  t i m e  f o r  processing 

each frame of d a t a .  The camera speed is ,  the re fo re ,  t h e  synchronizing 

element f o r  t h e  system. 

I n  t h e  event  t h a t  t h e  160-A senses  a discrepancy i n  a frame 

of da t a ,  t h e  camera is stopped by t h e  i n t e r f a c e  sys t em,  and t h e  d i sp lay  

u n i t  p re sen t s  t h a t  frame. The opera tor ,  a l e r t e d  t o  e r r o r  i n  t h e  da t a ,  

must make a dec i s ion  t o  record or reject t h e  frame on t h e  b a s i s  of t h e  

p re sen ta t ion  on t h e  d i s p l a y .  

The camera system is  composed of t h e  fol lowing:  

(1) A Kodak 16-mm motion p i c u t r e  camera with a C- 
mount f 1 . 9  l e n s  

(2) A 400-foot f i l m  magazine 

(3) A f i l m  hood, with d i c h r o i c  mi r ro r  

(4) A v a r i a b l e  speed c o n t r o l  motor which allows t h e  
camera t o  opera te  a t  r a t e s  of 7.5, 10, and 20 
frames p e r  second i n  cine mode, or up t o  5 
frames p e r  second i n  pulsed mode 

92 



(5) An e l e c t r o n i c  l o g i c  package which 
synchronizes t h e  camera timing with r e spec t  
t o  t h e  computer-to-camera i n t e r f a c e .  

(6) A d c  ammeter which i n d i c a t e s  t h e  i n t e n s i t y  
of t h e  CRT d i sp lay  output .  

The camera s y s t e m  is  shown i n  Fig.  5.15. This  photograph 

shows t h e  16-mm camera, t h e  f i l m  hood with t h e  d i c h r o i c  mi r ro r  mounted 

FIG. 5.15 16-mm CAMERA AND DISPLAY 

i n s i d e  t h e  viewing ape r tu re ,  t h e  speed-control box, and t h e  mounting 

p l a t e  and switches f o r  t h e  e l e c t r o n i c s  l o g i c  package. The camera and 
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i n t e r f a c e  l o g i c  hardware a r e  c a r t  mounted. The camera is  mounted a t  

a 45' angle  with r e spec t  t o  t h e  d i c h r o i c  mirror and p a r a l l e l  t o  t h e  tube 

f ace .  This  conf igu ra t ion  permits  viewing of d a t a  being displayed on 

l i n e  while  they  a r e  being photographed. A s  shown i n  t h e  f i g u r e ,  t h e  

f i l m  hood b o l t s  d i r e c t l y  t o  t h e  CRT, thus  providing f o r  uniformity i n  

f i l m  exposure, frame s i z e ,  and i n t e n s i t y .  The d i s p l a y  f i l m s  a r e  400- 

f o o t  r o l l s  of 16-mm double-sprocketed Kodak Linagraph Ortho s a f e t y  

f i lm .  
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Appendix 

OGO SATELLITE AND SU/SRI 

EXPERIMENT CHARACTERISTICS 
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